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The following pages have been prepared amid the iabors 
of the school-room, and with a view to lessen those labors 
on the part of the teacher, as well as to aid the pupil in 
obtaining a thorough and practical knowledge of the 
principles of Arithmetic. 

That something of the kind is much needed, to accom- 
plish these ends, every dutiful teacher at onco admits. 

That no improvement can be made upon this production, 
the. author doss not elaim : but should the system of teach" 
ing which it anticipates ba approved, the author will soon 
present to the public, a work upon this branch of Mathe- 
matics, which by itself will serve as a tcxt-booli, aad which 
perhaps will be more acceptable than the present volume^ 

The author wishes not to force upon the public an ad- 
ditional work upon this subject, but he only asks for a, 
careful examination of this production, and of the system 
of teaching the science which it proposes, leaving ila 
introduction into use to the discretion of teachers. 

An expression of the conclusion arrived at by those who 
do thus investigate, will be kiadly received by C, Moeey, 
at Macedon Centre, Wayne Co., N. Yu 

■August 1, 1850. 
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AEITHMETIC 



Arithhiettc comprises botli a science ^Dnd an art. A 
science, so far as it involves the relations and properties of 
numbers, as they exist in nature, and an art, so far as 
these relations and properties are exhibited and applied by 
iueans of characters. 



mmm amb fUMEBATioif 

'Mo al 1 cons ts v t ng nu nue s by ng ei 
Yineraton cons sta in read g the values of fguiea 
when wr Iten 






(fie aleenceo ry nf Iwr W Ti8 da 
lb lia e sun f any Kind I e bs 



No V f I epresent every d ffe e t number by a d fferen 

fha acter as we ha o an / (e « tiber of nu nbe a I 

should necessarily have an iTtfimle number of characters^ 

Hence it becomes necessary to combine these characters so 

thai they may be made to represent every diiferent number. 

Therefore if I wish to represent that I have ten units of 

nay kind, i will do it by writing the 1 one place towards 

the left, aud filling Ihe place it formerly occupied with a 

naught: thus the value of ten is given to 1 written in the 

second place from the right - , - = - 10 

Ten and one are eleven - - ■= li, 

Ten and two are twelve - - ^ 12 

Ten and three are thirteen - » IS 

Ten and five ate lifYeen ■ - -15 

Ten and nine itre nineteen ■■ - IS 
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fj. NOTATION ANi) NUMEr,A.TiOK. 

As twenty is composed of two tens I will repreaen! 

it by writing 2 in ten's place ■ - 20 

Twenty and two are twenly-two - - 22 

Twenty and five are twenty-five - ■■ 25 

Twenty and nine are twenty-nine - - '.29 

As thirty is composed of three tens, I will repre- 
sent it by writing 3 in ten's place - " ao 
To represent ninety, wi-ite 9 in ten's place - SI* 

Ninety and nine are ninety-nine . - gS^ 

As ono hundred is composed of ten tens, 1 wilt 
represent it by writing 1 one place farther to- 
■wards tlie left, or in the third place from the 
Tight - . .. - . iOO 

We may observe that in accordance with the system now 
introduced, by removing a figure one place towards the left, 
it is made to represent a value ten times as great. 
The next figure at the right is called Units ^,-. 

The next ia ten times units, called Tens ^. 

The nest is ten times tens, called Hundreds ^, 

The nest is fen times hundreds, called Thousand/s ^ 

The next is ten times thousands, called Tens of T liou- 

The nejct is ten times lens of thousands, called Hun~ 

dreds of Thousands 5; 

The next is ten times hundreds of thousands, called 

Millions (-0 

The next is ten times millions, called Tews 0/ Millions ^, 
The next is ten times tens of milliona, called Hundreds 

of Millions ^ 

The next is ten times hundreds of millions, called 

Sillions ^: 

The next is ten times billions, called Tern of Billions ^, 
The next is ten limes tens of billions, called Hundreds 

of Billions -^ 

The next is ten times hundreds of billions, called 

Trillions r;. 

The next is ten times trillions, or Tens of THUions ^.. 

&;c., &c., &e. 

Now as we do not read farthei' tlian Hundreds, in any 
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WOTATJON AKD NUMEaATIOIf. 

donoraination, and as to represent Hundreds requires three 
iigures, numbers become divided into periods of three 
figurSa each. 

The first period at the right is called Units, from the 
Latin word unus, meaning one. 

The second and third periods have no appropriate names. 

The fourth period is called Billions. The prefix .Bi. 
means two, and the number of the period may be found 
by adding two to the meaning of the prefis of the name. 

The fiah period is called Trillions. The prefix Tri. 
means three. The number of this period may be found 
by adding two to the meaning of the prefix of the name. 

The sixth period is called Quadrillions. The prefix 
Quad, means four. The number of this period may be 
found hy adding two to the meaning of the prefis of the 

And in general, for all periods at the left of the third, 
having the name given to find the namher, add 2 to the 
meaning of the prefix of the name. And having the 
number of the period given, to find the name, take 2 from 
the number of the period, aud we have the meaning of the 
prefix of the name. 



Suppose that I am required to arrange in aeoordaEce 
with this system these numbers, 

Quadrillions 40 "} In this example the prefix Sex. 

Sextillions - 364 | has the greatest value ; hence the 

Thousands - .23 V Sextillion's period will be at the 

Billions - - 489 j left hand. And Sex. meaning sis, 

Units - 3i6 3 the period will be the eighth. 

The next prefis in value is Quad., which meaning four, 

the number of the period wilt be six, and aa each period 

must occupy three places, 1 must write a naught at the left 

of the 40 to fill the vacant place. There being no Quin- 

tillions given, the seventh period must be filled with naughts. 

There being no Trillions given, the fifth period must 

also be filled with naughts. 
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The next prefix in value is Bi., which meaning two, ihe 
489 musibe written in the fourth period. 

There being no Millions given, the third period must be 
filled with naughts. The 23 must be written in the second 
period, nnd a naught be placed at the leA of it that iha 
period may occupy three places. The 376 being units, 
must be written in the first period. 

Therefore, we have for the arrangement, 

8th 7th 6th 5th 4th Sd 2d 1st 
364 000 040 000 489 000 023 376 

The nine figures that have value are called significant 
figures. 

They are also sometimes called the nine digits. 

The valuQ a figure represents, v/hen standing alone, is 
called its simple value. 

The increased value which a figure represents, when 
others are written at the right of it, is called the local 
value, 



ADDITION. 

Jiddition consists in uniting several numbers into one. 

I wish to add several numbers. 

9588 As 1 cannot add units of one denomination to 
217 units of a different denomination, I have written 

4533 the numbers so that units of the same denomination 

5466 shall fall under each other. As the values of 
■ 13794 figures increase from the right hand towards the 
left, I will commence at the right hand to add. 

Six units, and three, and seven, and eight units are twen- 
ty-four units — equal to four units and two tens. 1 will 
write the 4 undei- the column of units, and add the 3 to the 
column of tens, that I may have all the tens collected 
together. Two tens and six, and two, and one, and eight 
tens are nineteen tens, — equal to nine tens and one hun- 
dred. I will write the 9 under the column of lens, and add 
the 1 to the column of hundreds, that 1 may have all the 
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hundreds coilecled together. There are in nil seventeen 
hundreds, — equal to seven hundreds and one thousand. I 
will write the 7 under the column of hundreds, and add the 
1 to the column of thousands that 1 may have all the thou- 
sands collected together. There are in all thirteen thou- 
sands, which I will write down. The result obtained is 
called the amount or sum. 

Hence to add numbers : — 

Write them so that units of the same denomination shall 
fall under each other. Commence at the right hand and 
odd each column separately. Write down the right hand 
figure of each amount, arid add the left hand figure or 
figures to the next column. Thus proceed to the last: 
column, where write down the whole amount. 



SUBTKACTION 

Stihiraction oonsiela in finding- the difforcnoo between 

two nHinbera. 

From 7-864 1 The greater number is called the 
I wish to take 8281 > Minuend. 

4673 J The less numherthe Subtrahend. 

The difference between them is called the Remainder. 

As we cannot take units of one denomination from units 
of a different denomination, I have written the numbers so 
that units of the same denomination shall fall under each 
other. As the values of figures increase from the right 
hand towards the left, I will commence at the right hand 
to subtract. One unit taken from' four units leaves three 
units. Eight tens from five tens I cannot take. I will 
add ten tens to the iive tens, making fifteen tens. Eight 
tens from fifteen tens leave seven tsns. Now as 1 have 
added ten tensor one hundred to the Minuend, theReraain- 
der will be too largo by one hundred, hence I must take- 
away from the Minuend one hundred more than I at first 
intended to; that is, I must take away three hundreds 
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10 IHULTIFLICATION. 

instead of two hundreds. Three hundreds tjiken from 
eight hundreds leave five hundreds. Three thousands 
taken from seven thousands leave four thousands. 

.Hence to lake one number from another ; 

Write the less numher under the greater, so that units of 
the same denomination shall fall under each other. Com- 
mence at the right hand, and take each figure in the lower 
line from the one above it. If the value of a figure in the 
lower line is greater than the one above it, add ten to the 
upper figure and then subtract : then add one to the next 
left band figure of the Subtrahend, and thus proceed. 

It will appear evident, by examination, that any numher 
may be added to the figure in the Minuend, that will render 
it of greater value than ihe figure in the Subtrahend. But 
to avoid fractions the number ten is used. 



MULTIPLICATION. 

4 > I wish to obtain four times 3459. 

As the values of figures increase from the right hand 
towards the left, I will commence at the right hand. Four 
times nine units are thirty-six units, equal to six units and 
three tens. I will write down the six under the units, 
reserving the three tens. Four times five tens are twenty 
tens and the three tens reserved being added, give twenty- 
three tens; equal to three lens and two hundreds. I will 
write the 8 under the tens, reserving the two hundreds. 
Four times four hundreds are sixteen hundreds, and the 
two hundreds reserved being added, give eighteen hundreds, 
equal to eight hundreds and one thousand. I will write 
the e under the hundreds, reserving the one thousand. 
Four times three thousands arc twelve thousands, and the 
one thousand reserved being added, gives thirteen thousand, 
which 1 will write down. Hence the result is 13836. 
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MULTIPLICATION. 11 

This operation is called Mi-ltipucatiok. Hence Mul- 
tiplication is taking ono number as many times as there 
are units in another. 

The number to ha multiplied is called the MuUipUcand. 

The number by which we multiply is called ths Mulli- 
plier, and the result obtained is called the Product. 

Both Multiplier and Multiplicand are called Faefors. 

When the Multiplier does not exceed twelve ; — Write 
the Multiplier under the right of the Multiplicand. Mul- 
tiply each figure of the Multiplicand by the Multiplier, 
commencing at the right hand. Set down the right hand 
figure of each partial product, and add the left hand figure 
or figures to the product of the next figure of the Multi- 
plicand. 

When the Multiplier exceeds Tjj>elve. 
I wish to multiply four thousand two hundred and fifty- 
six by three hundred and twenty-five. 

4256 ) Pifst I will take five times the Multipli- 

325 I cand, which gives this line (31280.) I will 

~21280 I take two times the Multiplicand whicii gives 

8512 r this line (8512,)— but its ' the Multiplier is 

13768 I tens, I must write the Product one place 

1383200 3 towards the lefl, I will next take three 

limes the Multiplicand, which gives this line (13768,) — but 

as the Multiplier is hundreds, I must write the product in 

hundreds' place. Now this line (12768) is three hundred 

times the Multiplicand J this one (8512) is twenty times, 

and this one (31280) is five times the Multiplicand. Hence 

if I add them alt together, 1 shall have three hundred and 

twenty-five times the Multiplicand. 

Therefore when the Multiplier exceeds twelve, — 
Write the Multiplier under the Multiplicand. Multiply 
by each figure of the 'Multiplier separately, placing the 
right hand figure of each partial product directly under its 
Multiplier. Then the sura of the partial products will fje 
the entire pi'oduct. 
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i-2 BKJLTIPLICATION, 

When the Multiplier is a-Composile Numier, 
I wish to mtiltiply 4567 by 24. 

4567 "J First I will multiply it by 8. Now as the 
" ' multiplier is only one third part as large as it 
. should he, the product is only one third of what 
it should he ; hence, to makG it what it should 
109608 3 bSj I raust multiply it hy three. 

Such a number as 24, which is composed of two or more 
factors, is called a Comjiosile number, and the faclors of 
which it is composed are called the Component parts. 

Hence when the Multiplier is a Composite number ; — 
Wo may first multiply by one of (hose component parts, 
and then that product by another, and thus proceed until 
all the factors have been used. The last product will be 
the product required. 

When there are Cyphers at the right of the MiiUipUer. 
I wish to laiiltiply 3467 by 2000. 
3467 -\ , IF I multiply by the 2 ; as the multiplier 
will have been only one thousandth part a 



6934000 ) large as it should be, the product will be only 
one thousandth part as large as ii should be, — hence to 
make it what it should be, multiply by one thousand, which 
13 evidently done by annexing three naughts. Hence 
multiply by the significant figures of the multiplier, and 
annex to the product as many naughts as are at the right of 
the multiplier. 

It is evident that when there are cyphers at the right 
hand of ioth the factors, they may all be omiltted until we 
ahal! have multiplied the significant figures, and then annoK 
to the product, so obtained, as many naughts as there are 
at the ri^ht hand of both the factors. 
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'DIVISION. 

^4)^96 5 SupposQ thatlwishiodivide 3496 Apples 
874 S among four individuals, and lo find the 
number that I can give to each. Suppose that I have ihem 
(ttranged ill heaps, three of which contain one thousand 
oaoh, four heaps with one hundred in a heap, iiino heaps 
with ten in a heap, and six single apples. 

Not having as many heaps of one thousand in a heap as 
ihoi'e are individuals, it is evident that I canhot give theni 
one suck heap a piece, hence I will cha nge them into heaps 
of the next smaller sise. One ol the iioaps with one thousand 
in a heap, is equivalent to ten heaps with one hundred in 
fi heap, and three are equal to three times tsn or thirty, 
and four heaps added give thirty four heaps with one hundred 
in a heap. Now, if 1 go around to the four individuals and 
give them one heap a piece, it will take four of them, and 
if I pass around eight times, il will take eight times four, or 
thirty-two heaps, and I shall have two heaps left. But as 
there aro not enough heaps left to go around again, I will 
change the remainder lo heaps of the neait smaller siae. 
One of the heaps with one hundred in a heap, is equivalent 
to ten heaps with ten in a heap, and two such heaps will 
be equal to two times ten or twenty, and nine heaps added 
give twenty-nine heaps with ten ia a heap. Now, if I go 
around to the four individttals and give ihem one heap 
a piece, it will take four of them, and if I pass around seven 
times, it will take seven times four, or iipenfy-e^Si heaps, 
and ! shall have one heap left, which contains ten single 
apples, aud the six apples added give sixteen single apples. 
Mow, if I giie them one of these a piece, it will take four, 
and if 1 give them four apiece it will takeybwr times four, 
and there will bo none remaining. 

Tiiis operation iscalled Division. Hence Division con- 
sists in finding the number of times one numbi 
;n another. 

The number to be divided is called the Dividend j 
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14 DIVISION. 

Tiie number that we divido by is called the Divisor ; 
and the result obtained is called the Quotient. 

I observe that I first found the number of times the 
Divisor is contained in as manyof Iho left hand figures of 
the Dividend as are necessary to contain it, and I had a 
remainder of two. Then in changing to heaps of the next 
smaller size, and adding in those next smaller, I obtained 
29, the same that I should have obtained by prefixing the 
remainder to the next figure of the Dividend. Hence the 

FOR SHORT DIVISION, OR 
When the Divisor does not exceed Tieeloe. 
Write the Divisor at the left hand of the dividend, and 
find the number of times that it is contained in as many of 
the loft hand figures of the dividend as are necessary to 
contain it, and prefix the remainder (if any) to ibe next 
figure of the dividend, then divide, and thus proceed until 
all the figures of the dividend shall have' been used. 
When the Divisor exceeds Twelve, 
24)6864(286 Suppose that 1 wish to divide 6884 Apples 
48 among 34 individuals, and to find the 

306 number that I may give to each. Suppose 

192 that I have them arranged in heaps, six 

144 of which contain one thousand each, 

144 eignt heaps with one hundred in a heap, 

six heaps wilh ten in a heap, and four single apples. 

Not having as many heaps of one thousand in a heap, as 
there are individuals, it is evident that I cannot give them 
one such heap a piece, hence I will change them into heaps 
of the next smaller size. One of the heaps with one 
thousand in a heap is equivalent to ten heaps wilh one 
hundred in a heap, and six such will be equal to six times 
ten or sixty, and eight heaps added give sixty -eight heaps, 
with one hundred in a heap. 

Now, if I go around to the twenty-four individuals, and 
give them oiia heap a-piece, it will take twenty-four of 
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DIVISION. 15 

thQtn, and if I pass around twice, it will take twice twenty- 
foui' or forty-eight heaps, whicii being taken from the first 
iiuniber) sixty-eight, leaves twenty heaps with one hundred 
in a, heap, remaining. 

But as there are not enough heaps left to go around 
again, I will change the remainder to heaps of the nexi 
sroallei' size. One of the heaps with one hundred in a heap 
is equivalent to ten heaps with ten in a heap, and twenty 
such are equal to twenty times tea, or two hundred, and 
sis heaps added give two hundred and six heaps with ten in 

Now if I go around to the twenty-four individuals, and 
give them one heap a piece, it will take twenty-four of 
them, and if [ pass around eight times it will take eight 
times twenty-four or one hundred and oinety-two heaps, 
which being taken from the two hundred and six, leaves 
fourteen heaps with ten in a heap remaining. As there 
are not enough heaps left to go around again, I will 
change the j'emainder to heaps of the next smaller size or 
to single apples. In one of these heaps there are ten 
single apples and in fourteen of them there are fourteen 
tiines ton or one hundred and forty, and four added give 
one hundred and forty-four single apples. Now, if I give 
them six of these a-piece, it will take one hundred and 
forty-four, and there will be no remainder. 

HENCE FOR LONG DIVISION, OR, 
When the Divisor Exceeds Twelve. 

Write the Divisor at the left of the dividend, and find 
the number of times it is contained in as many of the left 
hand figures of the dividend as are necessary to contain it; 
place the result at the right of the dividend, as the left 
hand figure of the quotient, multiply the divisor by this 
quotienl figure, aod subtract (be product from that part of 
the dividend used : to the remainder annex the next figure 
of the dividend, then, divide again, multiply and subtract as 
before, and thus proceed until all the figures of (he dividend 
have been used. 
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16 DIVISION' ■ 

When the Divisor is a Composile nuvihef 
3 ) 8640 7 
6 )1080 J- I wish to divide 8640 by 4S, 

First, I will divide by 8. Now, as the divisor has beer; 
only one-sixth part as Inrge os it should be, the quotient is 
six times as large as it should be, heiico, to raako it what ii 
should be I will divide this quotient by 6. 

Hence, when the Divisor is a composite number — we 
may divide first by one of the component parfs, and ihnt 
quotient by another, continuing the operation until all the 
factors have been used. 

It is evident from the system of Notation, that to divide 
by 10 or 100, tfec, we have only to strike off from the righf 
hand of the Dividend as many figares as there are naughts 
0t the right hand of the divisor. Thus, dividing 76S by 
10 gives for a quotient 76, and a remainder 8. And 8642 
divided by 100 gives 86 for a quotient, and a remainder 42, 

When there are Naughts at the right of the Divisor. 

20) 345g } Supposo T have 3457 to be divided by 
na+lT S 20. The Divisor is composed of two 
factors, a and 10. To divide by 10 strike off the 7, Then 
divide the remaining part of the Dividend by 2, 1 have 1 for 
B remainder, which is evidently of an order of units next 
above those of the 7. And as the remainder obtained by 
the second division will always be of the order of tens, 
compared with the remainder obtained by the first division, 
we have the following Rule : 

When there areNavghts at the right of the Divisor. 

Strike off the naughts, and strike off as many figures at 
the right hand of the Dividend, then divide the remaining 
part of the Dividend by the significant figures of the Divisor. 
If a Remainder occur, annex to it the figures cut off from 
the Dividend, and we have the true Remainder, 
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After several Divisora hare ieen used, tojind the Remainder 
inunitsof the same denominalion of the original Dividend, 
t )S56T9 7 C S = 3 

6 ) 8819+2 I I 4+4 = 16 

8 nroi+i lr.%hMti.ii. I 6+4+1 = SO 

^rfli! i»+'>+4x^=^» 

38+-^ 3 [ Entire rem. 398 

1 have divided Ihe number 35673 by the factors of 1360, 
and have found several Remainders, I wish now to find 
l]it true Remainder in units of the same denomination of the 
original Dividend. The remainder 2 is a part of the 
originai dividend, that has not been divided, hence it will 
form a part of the true remainder. The second remainder 
4 is a part of the second dividend, — but as the second 
dividend is found by dividing the first dividend by 4, this 
remainder must evidently be multiplied by 4. Tiie third 
remainder 1 is a part of the third dividend, — but as the 
third dividend ia found by dividing by 4 and 5, it is evident 
that this remainder must be multiplied by 4 and 5 to change 
it to units of the same denomination of theoriginal dividend. 
The fourth remainder 2 is a part of the fourth dividend, 
but as the fourth dividend is found by dividing by 4, 5 and B, 
it is evident that this remainder must be multipiied by 4, 5, 
and 9, to change it to unitsof the same denomination of the 
original dividend. Notice that the last remainder is mul- 
tiplied by all the divisors before it, except its own, by the 
9, 5, and 4, and the same is true oieach remainder. Hence 
the rule. 

Multiply each remainder by all the divisions before it, 
except the one immediately preooding, add the several 
products, thus obtained, together, and their sum will be the 
true remainder in units of the same denomination of tlm 
original dividend. 
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REDUCTION 

Reduction consists in changing the number of onils of 
one denomination to that of another, without changing their 
value. 

I wish to find what number of pence there £ s. d. 
nre in - . - . - - 12 8 7 

20 



12 

2983 
As tliere are twenty shillings in one pound, there will be 
twenty times as many shillings as pounds. Hence I wil 1 
multiply the number of pounds by 20, to find the number 
of shillings. Twenty limes twelve give, two hundred nnd 
forty, and adding the eight shillings, we have iwo hundred 
and fcrty-eight shillings. Now as twelve pence make onu 
shilling, there will be twelve times as many pence as shil- 
lings. Hence I will cow multiply the number of shillings 
by 12, to find the number of pence. Twelve times two 
hundred and forty-eight give 2976, and adding the seven 
pence, wo obtain 2983 pence for the result. 

This operation is called Reduction. When, as in this* 
example, units of higher denominations are to be reduced 
to unita of lower denominations, it is called Ueduction 
Descending, to perform which, commence with the highest 
denomination and multiply by the number of units that it 
takes of the next lower denomination to make one of that, 
adding in the units of tho next lower denomination, if 
there be any, and thus proceed until the quaatity is reduced 
to the denomination required. 

When units of lower denominations are being reduced 
to units of higher denominations, the operation is called 
Reduction Ascending, and as it is the reverse of Reduction 
Descending, we shall, evidently, have the following rule : 
Divide the given number by the number of units of that 
lower denomination required to make one of the next 
higher, and thus continue to the denomination required. If 
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remainders occur, they will be of the same denomination 
as the dividend from which they are obtained. 



ADDITION OF COMPOUND NUMBERS- 

Compound Numbers are such as represent unils of differ- 
ent denominations, and do not increase or decrease in a 
tenfold proportion. 

f £ s. d. far. 
I ^vish to find the sum of ' .5 19 7 2 

^ 6 17 8 1 

[ 9 12 3 3 

"22 9~ 7 "~2 

As the values of these numbers increase towards the left, 
I will commence at the right hand to add. Three and one 
and two farthings give sis farthings. Four farthings make 
one penny — hence, in six farthings there are as many 
pence as 4 is contained times in 6. It is contained once, 
nnd there are two favlhinga remoiniog, which I will write 
under the column of farthings, and I will add the one pen- 
ny to the column of pence, that I may have all the pence 
collected together. ■ 

One and three and eight and seven pence give nineteen 
pRUce. Twelve pence make one shilling — hence, in nine- 
teen pence there are as many shillings as r2 is contained 
times in 19. h is contained once, and there are aeveo 
pence remaining, which I will write under the cokimn of 
pence, and 1 will add the one shilliiig 
shillings, that I ma ' 
together. 

One and twelve and seventeen and nineteen shillings give 
forty-nine shillings. Twenty shillings make one pound — 
hence, in forty-nine shillings there are as many pounds as 
■20 is contained times in 49- It is contained two times, and 
there are nine shillings remaining, which I will write under 
the column of shillings, and I will add the two pounds to 
the column of pounds, that I may have all the pounds coi> 
looted together. 
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SQ SL'BTIIACTION OP COMPOUSD NUMBERS, 

Two and nine and six and five pounds give twenty-two 
po:inria. Therefore the whole amount ia £22 9s. 7d. %far. 

Hence, to Add Compound Numbers ; 

Write them so thm units of the same denomination 
shal! Tall under each otiier. Commence at the right hnnd, 
and add the units of each denomination sepafateiy, dividing 
each amount obtained by the number of tinila of that de- 
nomination required to make one of the next higher. Write 
down the remainder, (if any,) and add the quotient (o the 
nest higher denomination, with whioh proceed as before. 



SUBTRACTION OF COMPOUA^l) NUMBERS. 

£ ,,. A. far. 
From 9 7 5 3 

i wish to take 3 9 8 2 

Commencing at the right hand : two farthings from three 
farthings leave one farthing. Eight [lenee from five pence 
I cannot take. I will add twelve pence to the Ji?e pence, 
making seventeen pence. Eight pence from seventeen 
pence leave nine pence. But, now, as I have added twelve 
pence or one shilling to the minuend, the remainder will be 
too large by one shilling ; hence, I must take away from 
the Hiinuend one shillicg more than I at first intended to. 
That is, instead of taking away nine shillings, I must take 
away ten shillingii- But I cannot take ten shillings fram 
seven shiUiiigB. I will add twenty shillings to the seven 
shillings, making twenty-seven shillings. Ten fi-om Iwen- 
iy-seven leaves seventeen shillings. But, now, as 1 have 
added twenty shillings or one pound to the minuend, the 
remainder will be loo large by one pound ; hence, I must 
take away from the minuend one pound more than I at first 
intended to. That is, instead of taking away three pounds, 
1 must lake away four pounds. Four pounds from nine 
pounds leave five pounds. 
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5I(jltielication op coupoiind numbi 

Hence, to Subtract Compound Numbers : 
Write the less numlier under the grcnter, i 
the same denomination under each other. C 
the right hand and lake each number in the lower line 
from the one above it. When the number of units in any 
denomination of the subtrahend exceeds the number in the 
same denomination of the minuend, add to that denomina- 
tion of the minuend aa many units as moke cne of the 
next higher denomination, and then subtract ;. after which, 
add one to the units of the next higher denomination of 
the subtrahend, and thus proceed. 



MULTIPLICATION OF COMPOUNB. NUiMBERS, 

£. s. d. 
I wish fo multiply 8 13 5 by 7 



60 13 11 

As the values of the numbers increase from the right 
towards the left, Iwill commence at the right hand. Sev- 
en times five pence give thirty-five pence. Twelve penco 
make one shilling; hence, in thirty-five pence there are 
as many shillings aa 12 is contained times in 35. It is- 
contained twice, and there are eleven pence remaining, 
which I will tvrife under the pence, reserving the two 
shillings. 

Seven times thirteen shillings give ninety-one shillings, 
and (he two shillings reserved being added give ninety-three- 
shillings. Twenty shillings make one pound ; hence, in 
ninety-three shillings there are as many pounds as 20 is 
contained times in 93. It is contained four times, and 
there are thirteen shillings remaining, which 1 will write 
under the shillings, reserving the four pounds. 

Seven times eight pounds give fifty-six pounds, and the 
four pounds reserved being added, give sixty pounds, which 
I will write down. 

Hence, to Multiply Compound Numbers : 

Commence at the right hand and multiply the units ot' 
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22 DIVISION OP COMl'OUND NUMBERS. 

llie lowest denomination by the mukiplier. Divide the 
product thus obtained by the number of units of that 
denomination required to make one of the nest higher. 
Write down the remainder, and add the quotient to the pro- 
duct of the nest Jiigher denomination. Divide as before, 
and thus proceed to the liigliest denomination, where write 
down the whole product. 

When the MuUipUer is a Composile Nuniher. 
U is evident that we may uao its factors, in the same 
iplo numbej's. 

s nol a Composite 

Multiply the price of a unit by 10, to obtain the cost of 
ten units ; then multiply this product by lO, to obtain the 
cost of one hundred units ; then multiply the cost of 101) 
unils by the number of hundreds, the cost of 10 units by 
the number of tens, aod ths cost of one unit by the number 
of units ; and the sum of these several products will be 
the product required. 



BiriSION OF COMPOUSD SUMBERS- 



Suppose that I wish to divide £38 9s. Sd. a,mong four 
individuals, and to find the sum that may be given to each. 
If I go around to the four individuals and give them one 
pound apiece, it will evidently take four of them, and if I 
pass around nine times, it will take nine times four pounds, 
or thirty-six pounds, and I shall have two pounds remain- 
ing. But as there are not enough pounds left to go around 
again, I will change this remainder to shillings. There 
are twenty shillicgs in one pound, hence there will be 
twenty times as many shillings as iherf n.rp pounds. 
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DIVISION OF COMPOUND NUaiEEfiS. 2-1 

Twenty times two give forty, and the nine shillings added 
give forty -nine shillings. Now, if 1 go around to the four 
individuals and give them one shilling apiece, it will lake 
four of them, and if I pass around twelve times it will 
take twelve limes four, or forty -eight shillings, and I shall 
have oao shilling left, which is equal to twelve pence, 
and the eight pence added give twenty pence, of which if 
I give them five pence apiece there will be none remain- 
ing. Hence, I can give to each of the four individuals 
£9 125. 5d. 

Hence, for the Division of Compound Numbers : 
Write the divisor al the left hand of the dividend, and 
find the number of times it is contained in the units of the 
highest denomination ; write the quotient underneath, and 
multiply the remainder, (if any,) by the number of nails 
of the next lower denomination required to make one of 
this higher, and add to this product the given units of 
the next lower denomination, (if any,) (hen divide by the 
given divisor, and thus proceed to the lowest denomination. 

It is evident that when the divisor is a composite number, 
the component parts may be used, as in simple numbers. 
When the divisor is large, and is not a composite num- 
ber, represent the work after the manner of Long Division, 
instead of retaining the whole in tho mind — thus : 
£. s. d. £ s. ri. 
257 ) 561 2 4(2 3 8 
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34 1 

An odd number is a number ihat cannot be divided by 3 
without a remainder ; as 3, 7, 13. 

An even nmnber is a iiiimber that can be divided by 2 
without a remainder,' as 6, 10, 14.. 

Ail numbers are either odd or even. 

Tha sum or difference of any two odd numbers, or of any 
two even numbers, is an even number. 

But the sum or difference of an odd and even nunsber is 
an odd number. 

The sum of any number of even numbers is an even 
number ; hence, if an even number be multiplied by any 
number whatever, iho product will be even. 

The sum of an even nutnber of odd numbers is an even 
number, but 

The sum of an odd number of odd numbers is an odd 
number ; hence, 

The tiroduot of two or more odd numbers is an odd 
number. 

A product is even if one of the factors which compose it 

An odd number cannot be divided by an even number 
without a remainder. 

A number is said to divide another when it is contained 
In that number without a remainder. 

■ A prime number is a namber that can he divided only by 
itself and aunit; as7, II, 19. 

A factor of a number is one of the numbers which being 
multiplied together will produce the given number. Thus 
3 and 7, are the factors of 21. 

A prime factor is a factor of a number which can be 
i^ividod only by itself and a unit, 

A composite number is a number that is composed of twn 
or more factors. 

Aprme number cannot be resolved into factors. 

All numbers are either prime or composite. 

A comiiosite number is resolved into its prime factors. 
when each of the factors into which it is resolved is e, 
prime numbec. 
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fh-a siumbor 15 is composed of ihofactora 3 and 5 :if we 
uivide it bj' 8, we obtain Uie 5 foi' a quolienl ; thai is, we 
rojettt m tlie divi[Jend a factor the size of the divisor. 

Again ; the numbef 2S is composed of the factors 4 and 
7, — if we divide it by 4 we obtain the T, — that is, we reject 
in the dividend a factor the size of the divisor, and the re- 
maining factor is the quotient. 

.\nd in general, Division may be snid to cc/nsist in 
strilting out of the dividend a factor the size of the divisor. 

And Multiplication may he said to consist in combining 
with tlie multiplicand such factors as occur in the mul- 
liplier. 

Henco, — it will appear evident, (hat if we mtiltipiy by a 
number, and then divide the product by the same number, 
we will laot change the value. 

Again ; if we ore to multiply and then to divide the 
product by a number containing a factor common to both 
multiplier and divisor, that factor may be omitted. 

Again; as division consists in striking out of the divi- 
i3end a factor the size of the diviaoi-, it is evident that a 
dividend cannot contain a divisor, unless there is a factor of 
that divisor in the dividend. For instance, l5 will contain 
a as a divisor, for 3 is one of the factors of 15. But 31 
will not contain b as a divisor, for 5 is not a factor ia 21. 

Again ; it will appear evident, that if a divisor is a com- 
posite number, the dividend which contains it must he made 
up in pari, at least, of the prime factors of that divisor — 
that is, in whatever dividend a divisor is contained, the 
]irime. factors of that divisor are contained in the same 
dividend. 

Again ; it will be observed thatthe quotient is always the 
factor which is left after striking out of lire dividend a fac- 
tor the size of the divisor. Hence, if we multiply the divi- 
dend by any factor, we increase the value of the quotient 
by the same factor — and if we divide ihe dividend, we 
diininisit the value of the quotient. 

If we multiply the divisor, we diminish the value of the 
quotient — for in performing the division, wa rBJect more 
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iactora in the (lividend, ami hcnco have less IdI'i for the 
i]uotienl. 

And if we diminish the divisor by any factor, wa increase 
the quotient by the same fnctor. 

if wo multiply or divide both divisor and dividend by 
the same number, we shall not iiSecE the value of tiio 



quotient. 



From the preceding remarks, it is plain that the dividend 
13 the product of the divisor and quotient — that the divisor 
■may be found by dividing the dividend by the quotient — 
that if we multiply together the factoi-s given, we obtain a 
product, — and that if we divide the product of any number 
of factors by the product of a part of thovse factors, ive 
shall obtain tbo product of the remaining factors (or r.. 
quotient — and if wa divide the product of any number of 
Iheiors by the p7-odunt of all but one of thom, we shall 
olitoiu that one for a quotient. 



8 ) 18 13 9 r, 



3) 



3x3x3x2x5=180 least common nmiliple. 

A. multiple of a number is a number that may bs diviopd 
by that number without a remainder. Thus, I'J is a mv.- 
tipleor4. 18 is a multiideof 9, &;c. 

A common multiple of two or more numbers is such ^. 
jiumber na may bo divided by each of them, separately, 
without a remainder. Thus 54 is a common multiple of 4, 
3, and fi. 
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t;ie least common multiple. 'i'l 

Tho least ocmmon multiple nf several numbers is the 
least number thnl inaj' be divided by each of them without 
a remainder. Thus 3-i is the least common mulliiilo of 6, 
4!iitdS. 

I wish to 8i!i? the least common multipla of tho oumberfi 
18, 12, aiid 5. 

Ef I find a nurr.bef that may be divided by ep.ch of tliosp 
numbers without a remninder, it must be composed of tiie 
jjrimo factors of each of these numbers, 

if I find the least number thnt may be diviiJed by euch of 
them without a remainder, it must be made up of the prime 
factors of these numbers taken' but once each. Hence, if 
nnv li^'o or mor« of these numbers contain a common prirafs 
factor, that factor must be used once and but once. 

Therefore for the purpose of eliminating such superflu- 
ous factors as may exist in these numbers, I will divide by anj- 
prime factor that is common to two or more of them — re- 
sarviog that factor once in the divisor, and throwing it out 
ofeach ofthe numbers in which it occurs. 

I notice that a factor 3 is common to three of the num- 
bers, hence I will divide by 3. I notice that there is 
another faetor 3 common to two of the numbers ; hence \ 
will divide again by 3. There is yet a factor 3, common 
iu (wo of the numbers, hence I will now divide by 'i. 
There are now no two numbers that contain a common 
factor. HencB, I conclude, os I have saved each of ihp 
prime factors of thess numbers once and hui once, that tha 
product of the divisors, quotients and undivided numbers, 
will be the least common multiple. 

Hence to find the least common multiple of two or mora 

Write the numbers in a line, and divide by any prime 
number that is an exact divisor of two or more of them ; 
write the quotients and undivided numbers as a second hori- 
zontal litio, with which proceed as before — continue tho 
division uutil no two of the numbers contain a common, 
factor. Then the product of the divisors, quotients and 
undivided numbers, will be the least common multiple re- 
quired, 
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T![E GREATEST COJIBTON DlflSOIt. 

TKE GREATEST COflliUOJl DIYISeR, 



112)25-2(2 \se\'.f 

324 

28)112(4 

112 616=252x2+11-^. 



And the greatest number that is coiitnined in two or inofe 
jiurabeta an exnct number of times is called their Grealeal 
Common Divisor. 

1 wish lo find the greatest common divisor of two num- 
bers, as 252 and 616. I will first illustrate a principle on 
wi.ich this demonstration depends. If any number (as 36) 
be separated into two parts, (as 16 and 20,) and each of 
the parts and the entice number be divided by the same 
'livisor, the sum of the partial quotients thus obtained will 
Kjb equal to the entire quotient. And if the entire quotient 
and ooe of the partial quolienis are whole numbers, the 
other partial quotient mast be, for no proper fraction added 
m a whole number will givea whole number. And if both 
the partial quotients are whole numbers, the entire quotient 
must be, for no two whole numbers when added give a 
fraction. 



J know that no number larger than 252 can be the 
greatest common divisor of 2S2 and 616, for no number 
■greater than 263 is contained in 252. Henee, if 252 is n n 
exact divisor of 616, it is the greatest common divisor of 
ihe two numbers. 

I find by dividing, that there is a remainder, (112.) 
hence, 252 is not that greatest common divisor. Kow if 1 
can show that the greatest common divisor of the less 
number and remainder after division, is the greatest com- 
mon divisor of the greater and less, I will then proceed ts* 
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THE 

find ihe grentest common divisor of the less rmmbei- and 
remainder, and it will be the greatest common divisoir 
leqtfired. 

First, I will show thai the greatest common divisor of the 
greater and less is a common divisor of the less and re- 
mainder. 

The greater is always made up of some multiple of the 
less, plus the remainder. It is a divisor of the greater by 
hypothesis ; it is also a divisor of the less by hypotheeis, 
and it is evidently a divisor of any multiple of the leas : 
hence, I have only to show that it is a divisor of the 
remainder. It must be a divjeor of the remainder, for tho 
Bum of the partial quotients is ecjual to the entire fjuoiienl, 
and the entire quotient and one of the partial quotients aro 
wholenumbers : hence, the other partial quotient must be a 
whole number, for no proper fraction added to a whole 
number will give a whole number. 

Nest, I uill show that the greatest common divisor of 
the Jess and remaindei", is a common divisor of the greater 

it is a divisor of the less by hypothesis — it is evidently 
a divisor of jiny multiple of the leas — and it is a divisor of 
the remainder by hypolhesis— Jienco, it must be a divisor 
«f the greater ; for, the sum of the partial quoliecla is equal 
to the entire quotient, and both the partial quotients being 
whole numbers, theentirequotient must bea whole number, 
for no two whole numbers added wiJi give a fraction. 

Now I claim, that the greatest common di?isor of the less 
and remainder, is the greatest common divisor of the 
grealerand less. For suppose the greater and less have a 
common divisor, greater than the greilest common divisor 
of the less and remainder,— itcould not he contained in the 
less and remaiflder— but I have shown that it must be 
contained in them. Hence, the greater and less cannot 
have a common divisor greater than the greatest common 
divisor of the less and remainder. 

Again — suppose the greatest common divisor of the 
greater and less to be less than the greatesl common divi. 
sor of the less and remainder — then the greater and less 
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30 THE GREATEST COMMON DlVISOTi. 

could not contain tiie greatest common divisor of the ieae 
and remainder, — but 1 have ah»wn that they inusl con- 
■ tain it. 

Hence, I conclude that the greatest common divisor of 
tVie greater and leas cannot be either greater or less than 
the greatest common divisor of the less and remainder — 
therefore it must be the same nuvfler. 

Hence, I will now proceed to find the greatest common 
diviaor of the lesaand remainder, and it will be the grentesi 
common divisor sought. 

I know that no suraber greater tbnn 112 can be tlmt 
greatest common divisor, for no number greater than 112 
is contained in 112 ; therefore if it is an esacl divisor of 
252, it is the greatest common divisor sought. I find there 
is a remainder, (28.) 

Now, considering this '112 aa the less a»d 28 aa the 
remainder, I will proceed to find theie greatest common 
divisor. Dividing 113 by 28 1 have no remainder; hence, 
2>y is the greatest common divisor of 28 and 112 ; therefore, 
from what has been shown, it must be the greatest commors 
divisor of 112 and 252'; honce, 28 is also the greatest 
common divisor of 253 and 616. 

Therefore, to find the greatest common divisor of two 
ntimbej's : 

Divide the greater siumber by the less, and the last divi- 
sor by the last remainder, continuing the operation until 
nothing remains ; and the last divisor will be the greatest 



To find the greatest common divisor of more than two 
numbers : 

First find the greatest common divisor of two of them, 
and then of that common divisor and another of the num- 
bers ; thus continuing until all the numbers have beei;i used. 
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VULGAR FRACTIONS. 

Itttraduclion to Fractions. 



& and ? ; t and J i ^J ; -J of 5 ; IT, ^ and - 

'.^ iV .^0' I V ==V 1 i2)UH ; i2)^H ; ^)H ■> 2H ; l" 

If I wish to represotil that I have a unit of any kind di- 
vided into eight equal parts, I will do it by wriliog the 
figure 8. If I wish lo represent ihat. I have a unit divided 
int3 seven equal parts, I will do it hy writing the figure 1. 
If I wish to represent that I have a unit divided into five 
equal parts, I will do it by writing the figure 5. If I wish 
to represent thai I have a unit divided into three equal parts-, 
I win do it by writing the figure 3. 

Jf cf these eight eL,ual parta I wish to represent thut I 
t.iko three, I will do it by writing 3 nbove the 3 with a line 
drawn between, them. If of the i equal parts I wish to 
I'epresent that I lalte two, I will do it hy wi'iliQg 2 above 
the 7, with a line betwesn thcrn. If of the five equal parts 
I wish to represent that [ take four, I will do it by writing 
4 above the 5, with & line between theni. If of the three 
coital parts I wish to represent that I take one, I will do it 
by writing I above the i with a line between them. 

The number below the Jine an each case, shows the 
number of parts into which the unit is divided. And as 
these parts lake their name, from the number into whioh the 
unit is divided, the number below the line becomes the 
namer of tjie parts — hence it is called the Denominalor. 

The number above the line, shows the number of the 
parts that is taken, hence it becomes a numierer, and is 
tliorefore called the Numerator. 

The whole expression represents a part of a unil, and 
hetice it is called a Fraction. 

Both Numerator and Denominator are called terms of 
the fraction. 
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82 VULGAR fKACTiONSi 

When the numerator ia Jess than the denominaloi-, the 
eS[ircssion represents a pan of a anil— it is then called a 
propir fraction. As ^ and |, (read five-sevenths and three- 
fifths.) 

When the numerator is equal to, or greater than the 
denominator, the expression deootes something more than 
a unit, hence it is then called an improper fraction. As | 
and |, {readBis-sixths and eight-thirda. ) 

When we have a fraction joined to a whole number, the 
expression is called a mi^ed number. As 3^, (read ihreo 
and five-sevenths.) 

A fraction of a fraction is callod a compound fraction. 
As -I of 5. 

A fraction having a fraction for either its numerator or 
denominator, or both, is called a complex fraction. AeX. 
'_, 11, (read three-fifths divided by seven, three divided 

by four-sevenths, and six-elevontha divided by nine-tbir" 
toenths. ) 

li^ [ have a unit divided into eight equal pnrts, and I 
wish to lake one-half that unit, it is evident that I must 
take one-half of the number of parts into which the unit is 
divided. That is, the numerator, which jfows the number 
of parts I take, most be one-half of the denominator, 
which shows the number of parts into which the unit is 
divided. 

If I have a unit divided into twelve equal parts, and I 
wish to take one-fouith of thai unit, it is evident that I moat 
take one-fourth of the number of parts into which the unit 
is divided ; that is, the numerator, which shows the number 
of parts I talse, must be one-fourtk of the denominator- 

If I have a unit divided into twenty equal parts, and / 
wish to take one-fifth of that unit, it is evident that I must 
take one-fiftb of the number of parts into which the unit is 
divided; that is, the numerator, which shoins the number of 
parts 1 take, must be one-fifth of the denominator. 

And I conclude that, ia general, the mmeraior must le 



Hostec by Google 



vuLGAE. fractions;. 33 

such apart nf the denominator as themlue of the fraclior. 
ia intended to represent. 

If I hftvQumls divided. into four equal parts each, and I 
wish to take enough of those parts to make three whole 
ones, it is evident that 1 must take throe timss as many 
parts as compose one unit — that is, iho nuinsrator must ^ 
three times the denominator — hence, if the numerator be 
divided by the denominntor, t sholl obtain the vaiue of the 
fraction, (3.) for a quolient. And in general, iho value of 
a fraction is the quotient arising from dividing llie nume- 
rator bv the denominator. 

In case of division, if we diminish both divisor and divi^. 
dend by the same factor, we do not change the value of the 
<jiiotienl — and as to find the value of a fraction we perForn; 
division, using the numerator for a dividend and the denom- 
inator for a divisor ; it is ev det t tl it ve nay d v de both 
numerator and dennminnto of a factoi b) the same 
number, without changing the alue 

This operation is calied reduc ng fraet ons to tl eir low- 
est tsrnia. Hence, to reduce a froct o i to s lowes lej'ms ; 

Divide both numerator and denon nator by a y number 
that is an exact divisor of the i hot! and t e r-^salting 

iiiimbGr, greater than n u it wi!i d detlenhotl Or we 
may lind the greatest con mo d aor of b tl n nerator 
nnd denominator, and then leduce ii to lis lowest terms by 
one division. 

To change a Whole Number to an equivalent Fraction, 
a to Sihs. I wish to change a whole number to at) equiv- 
3 alent fraction, having aspecifled danomiuator; for 
— instance, 5 lo Slhs. . 

40 Y There are eight eighths in one whole one ; that 
is, there are eight times as many eighths as there are whole 
ones ; hence, in fiye whole ones there are eight times fee 
eighths, oryb7''y eighihj. 

Hence, to change a whole number to an equivalent frac- 

MuUipJy the whole numhei- by the specified denominator^ 
and under that product write the denominator. 
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Ill Improper Fraction to a Whole or a Mixed 
Number. 
I wish lo ehnnge an improper frftclion l-i 
on equivalent whole or mixed number, for 
to n whole oi' mixed number. There are 
finv en-sevenths ia one whole one, and m twenty-three sev- 
pLjihs there are as many whole ones as seven is contained 
limes in twenty-three. Tfiree and Iwo-seveiuh times. 

Hence, to change an improper fraction to aii equivalent 
w tioleor mi.\ed iiumber : 
Divide the numerator by the denominator, 

To change a MxxeA Number to an equivalent Fraction, 
il- to 8ths. I wish to change a mixed number to an 
-i er|itivsleut fraction ; fof instance 4| to 8lhs. 

8 There ace eight eighths in one whole one, 

— that is, there are eight times as many eighths 
•._i2 as whole ones. Hence, in four whole ones, 

7 Ihsi'e are eight limes four eighths, or ihirly- 

— two eighths, and the seven eighths added give 
39 y thirty-nine eighths. 

Hence, lo change a mixed number to an equivalent 

Multiply the whole number by the denominator of Uie 
fraction ; to that product add the numerator, and write the 
result over the denominator. 

To Multiply a Fraction by a Whole Number. 
^X3, 'y= I wish to multiply a fraction by a whole 

|x3, ni5=|- number. The value of a fraction is the 
quotient arising by dividing the numerator fay -the denomi- 
nator. If the numerator be increased by any factor, the 
number of times that it will contain the denominator will be 
proportionally increased ; hence the value of the fraction 
wilt be proportionally inoreasod. 

Again — If the denominator be diminished by any factor, 
the number of times that it will be coniained in the nunw- 
rator will be proportionally mcreaserf ; liencs, the value 
of iho fraction will ho proportionally increased. 
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Therefarp, to muhipiy a fcnctiori by a whole iiumbBj" : 
iMuhi|ily tlie n'imei'iaor, of divide die denojiunaior, by 
the whole numbei. 

To Multiply a Whole Number by a Fraction- 
5X| 5X3 I wish to multiply a whole number by a 
5x3 4 fraction; Tor instance, 5 by -^, or by one- 
loiirxb pnrt of three, Firat, T will niulUply by the whole 
oi' three. (5x3.) Now as tho miilliplier has been Tniir 
limes as large as it should be, the prodttcl ia four iimes as 
iiirge as if, should be ; hence to make it what ii should bo, I 
ivill divide ;t by four, represented thus ; ^—J—, 

Honce, lo multiply a whole numter by a fraction : 
Multiply the whole number by the numeraior of the 
fraction, and divide that product by the denominator. 

To Dioide a, Fraction by a Wliole Number. 

&)l^[ ^V'r™"ir ' ^'^'' ^° divide n fraction by a whole 

f> number. The value of a fraction is (he 

*)^ 9x4 (juofient arising by dividing the' nume- 

rator by thedenomicator. if the nume- 
rator be diminished by any fuctor, the npmber of times that 
it will contain the denominator will be proportionally 
diminished ; hence the value of the fraction will bepropor- 
tionaily diminished. 

Again. — If the denominator bo increased by any factor, 
the number of times that it will be contained in the nume- 
rator will be proportionally dfwmwAed,- hanoe, the ■ value 
of the fraction will be proportionally diminished. 
Therefore, to divide a fraction by a whole number : 
Divide the numerator, or multiphj the denominator by 
the whole number. 

To Divide a Whole Number by a Fraction. 

1)5, f, I wish to divide a whole numtier by a 

5x4 fraction ; for instanco, 5 by |, or by one- 

"5"' fourth part of three. Firs!, I will divide by 
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ilie whole of lliree, (|.) Now as the divisor has been touv 
limes as large as it should be, the ()«otioDl(|) is one-fourlh 
as large as it should be ; hence, to make it what it should 
be, I will muhiply it by Tour, ('j") which is done by mul- 
Eiplying the numerator by four, as before explained. 
Hence, to divide a whole num-ber by a i'raetion : 
Multiply the whole number by the denominator of the 
fraction and divide that product by the numerator. 

Te Mulliply one Fraction by another. 
-^Xf, „ 1. wish to multiply one fraction by another; 

3 5 ^^. for instance, ^ by 4, or by one-seventh pnt-l 
5"'' 4x7 offive. First, I will multiply by the whole 
of five, (*T(*i) which is dona as before explained, by mul- 
tiplying the numerator by five. Now asthe multiplier has 
been sQvfin timea aa large aa it should be, the product is 
seven limes as largo as it should be; henoe, to make it 
what it should be, I will divide it by seven, which is done 
;is before explained, by multiplying the denominator by 
soven, (-J ; 4-) I notice that the numerators have been 
multiplied together for a new numerator, and the denomi- 
nators have been multiplied togeliier for a tiew denom- 
inator. 
Hence, to multiply one fraction by another : 
Multiply the numeratoi-s together for a new numerator, 
and the denominators together for a new denominalor. li' 
there are mixed numbsra, first change them to improper 
fractions. 

To change Compound Fraciions to Simple ones. 
I of 4 1 wish to reduce compound fractions to 

5 3x5 simple ones, or to find what of means be- 
7x^' 7x8' t^^fi^n two fractions ; for instance, I 
wish to obtain ^ of |. Firet, 1 will find 
one-seventh of five-eighths, which is done by dividing by 
seven, and that is done by multiplying the denominalor by 
seven, as before explained, (yfj-) Now I have one- 
seventh of five-eighths. Three -sevenths will evidently be 
obtained by multiplying one-seventh by three, and that is 
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ABDITION OP VULGAR FRACTIONS. 37 

(Jane by multiplying the numerator by three, as before 
explained, (| ^,) 1 notice that I have multiplied the mi- 
meiatois together, and l!ie denominators together — the 
same as in multiplication of one fraction by another. 

Therefore, we may conclude, that o/" occuring between 
two fractions shows that they are to be multiplied together. 



To Divide one Fraction hy another. 

%')^, 1 wish to divide oiae fraction by another. 

a 3x9 For icslance, ^ by | or by one-ninth part 

4x5 ' 4x5' °f fl^s- First, I will divide by the whole 

of five, which is done ns before explained, by multiplying 

tho denominator by five, (f.^.) Now as the divisor has 

been nine times as large as it should be, the quotient is only 

one ninth as large as it should be ; hence, to make it what 

it should be, I will multiply it by nine, which is done as 

before explained, by multiplying the numerator by nine. 

(I: |.)I notice that in the operation the terms of the divisor 

liave been inverted, and it is then multiplied into tho 

dividend. 

Hence, to divide one fraction by another : 
Invert the terms of the divisor, and then proceed as in 
multiplication of one fraction by another. If there are 
mixed numbers, first change tbem to improper fractions. 

ADDITION OF VDIGAR FHACIIONS. 

1 wish to add -j-''^., -f^, |. and f, together. As the frac- 
tions have not the same denominator, it is evident that they 
-cannot be added unless they shall be changed to equivalent 
fractions having a common denominator. 

As the numerator of a fraction is always such a part of 
the denominator as the value of the fraction is intended to 
represent, it is evident that the common denominator must 
be such a number as will contain each of the given denom- 
inators. Such It number as will contain each of the 
denominators, is a common multiple of them. And, that 
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3S SUBTBiCTlON OP PRACTIONB. 

the number used may be as small as possible, , we will uso 
for a common denominotor, the least common multiple of 
all the denorainatora. The least common multiple of 18, 
13, 9 and 5, is 180, Hence, 180 is the least common 
denotninatoi' r.equired. To obtain the numerators, take 
such a part of the common denominator as the value cE 
each fraction represents. For the first numerator, take 
'■^ of 180, One eighteenth of 180 is 10, and seven-eigh- 
teenths of 180 is 70. Hence, the first equivalent fraction 
is jW — the second ia jW — the third is ■/-^\ — and the fourth 
is ^^^ Now, as the fractions have a comicon denomina- 
tor, they may be added by adding their numerators, and 
writing the result over the common denominator. 
Hence, to add fractions ; 

Find the least common multiple of all the denominators, 
for a common denominator — take such parts of that com- 
mon denominator for a numerator, as the values of the 
given fractions represent — then add the numerators, and 
write their sum over the common denominator. Com- 
pound fractions must be reduced lo simple ones. 

SUBTRACTION OP MACTIOIfS. 

As subtraction is the reverse of addition, we have the 
following rule for the subtraction of fractions : 

Change thegiven fractions lo equivalent fractions having 
a common denominator, and then subtract their numerators, 
and write the difference over the common denominator. 

DECIMAL FKACTIOIS. 

5 8)5000 .6 



divided by 8. 

naught to the 5, which is equivalent to multiplying it by 

ten, and then I will divide. 
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I obtain 6 for a quotient, and a remainder of 3. Now 
as the dividend is ten times as large as it should be, the 
quotient (S) is ten times aa lai-ge as il should be ; hence, 
to make it what it should be, I will divide it by ten. To 
continue the division farther, I will annex another nimght, 
equivalent to multiplying the original dividend by 100. 
I now obtain 2 for a quotient, and a remainder of 4. Now, 
as the dividend is one hundred times as large as it should 
be, (he quotient (63) is one hundred times aa large as it 
should be ; hence' to make it what it should be, I will divide 
it by 100. locon nue he division still farther, I will an ■ 
ne.xanothe ag equ aleni to'multiplyingthe origina! 
dividend by one 1 o s d I now obtain 5 for a quotient, 
and I have o do Now as the dividend is one 

thousand ti e as 1 go a should bo, the quotient (625) 
is one thousand es as la go as ii should be; hence, to 
make it wha si ouH be, I will divide it by 1000. 

I notice that when I had one figure in the numerator oi' 
the quotient, I had for a denominator one naught and a 
one ; — when I had two figures in the numerator, I had itoo 
naughts and a one for a denominator ; — when I had three 
figures in the numerator, I had three naughts and a one 
for a denominator. And I have hem such a set cf frac- 
tions iS, in general, have for a denominator 1, followed by 
as many naughts as there are figures in the numerator. 

IHathematioians have agreed that to represent such deno- 
minators, they will write a point at the left of the numerator. 
Thus .6 (six with a point at the left,) has a denominator cf 
10, and hence is read six-tenths. .62 (sixty-two with a 
point at the left,) has a denominator of 100, and hence is 
read sixty-two hundredths, .625 (six hundred and twentj'- 
five with a point at iho left,) has a denom'nato of 1000, 
and hence is read sis hundred and tne ty fiie tl o sal dths. 
Tenths, — hundredths,— thousandths fract onal oip essions 
whoge values increase (from i ght to lef ) in a tenfold 
proportion, and hance they are called dect al f a t'ons^ 

It is plain, that the farther a f guie s ren oved to the right 
of the decimal point, the less its value. Hence the placing 
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49 ADDITION AND SUBTaACTION OP DECiMAl.&, 

of a naught between the decimal point and the first signif- 
icant figure, renders the value of the expression only one- 
tent!] as great. Again, as a naught annexed has no value 
itself, and as it does not change the distance of the otheF 
figures fi'om the decimal point, it will not affect the value 
of the expression. 

As the first figure at the right of the decimal point is 
of one-tenlh as great value as units, it is evident that deci- 
mal fi-actions may be annexed to whole Lumbers, as one 
continuous nuraboi', if we .observe to place a point between 
the tenths and units. Such expressions are called mixed. 
Duoibers. 



ADDITION AND SUBTRACTION OF DECIMALS. 

To add or subtract decimal fractions — as ihey increase' 
or decrease as whole numbers, we must write them so that 
tlie decimal points, and units of the same denomination, 
will fall under oach other ; and then proceed as in whole 



liniTIPLICATION OF DEGIMAIS. 

i wish to multiply one decimal fraction by another, anfi 
to find what number of figures to point off at tho right 
hand of the product, for decimals. 

For instance I wish to multiply 3.35 

by .7 

1.645 
From the theory of decimals, before explained, I know 
that the 335 may have a denominator of a one and two 
naughts, (ff|) and that the 7 may have a denominator of 
a. one and one naught, (yV)- Here then I have them ex- 
pressed in tlie farm of vulgar fractions. (iffXi^-^)- But 
TO multiply one vulgar fraction by anothei', as before ex- 
plained; we multiply the numerators togetlier for a aevv 
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numerator, and the denominators together for a new deno- 
minator. (tISt)- 

Now there will always be as many naughts at the right 
hand of the denominator of the product, as there are at 
the right of the denominators of both multiplier and inuUi- 
plicand, — but, as the number of naughts shows the number 
of decimal figures, there will always be as many decimal 
figures in the product, (if the denominator be removed,) as 
there are in both multiplier and multiplicand — in this case, 
three, ■ Hence, to miilliply one decimal fraction by an- 
other :— 

Proceed as in whole numbers and point off at tlfo right 
of the product, as many figures for decimals, as there are 
in both of the factors.- 



DIVISION OF DECIMAIS. 

.7 ),245 I wish to divide one decimal fraction by 

.Bo another, and to find what number of places 
to point off at the right of the quotient for decimals, 
For instance I wish to divide ,345 
by .7 

From' the theory of decimals, before explained, I know 
that the 245 may have a denominator of a one and three 
naughts, (tVo'V) — ""^^ ^'^^^ ^^^ "^ ^^^ htiVB a. denominator 
of a ODO and one naught. (y'V)- Here then I have them 
expressed in the form of vulgar fractions, (j^tt^^-^)- 
But to divide one vulgar fraction by another, as before 
explained, invert the divisor, and then proceed as in multi- 
plication. fVVifXV' l¥?; '35- No"' the one naught 
from the denominator of the divisor will cancel one naught 
from the denominator of the dividend. If there had been 
Iwo naughts in the^enominator of the divisor, they would 
have cancelled two naughts from the denominator of the 
dividend. And there wili always be as many naughts lefi 
at the right for the denominator of the quotient, as those at 
the right of the denominator of the dividend, exceed those 
in the denominator of the divisor. Bat, as the number of 
4* 
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naughts shows the number of decimal figures, there will 
be as many decimal figures in the quotient, (if the denom- 
iaator bo removed,) as those in the denominator of the 
dividend exceed those in the denominator of the divisor. 
Hence, to divide one decimal fraction by another : 
Proceed as in whole numbers, and point off, at the right 
of the quotient, as many figure for decimals, as those 
ill the dividend esceed those in the divisor. If there 
are leas decimal figures in the dividend than in the divisor^ 
annex naughts to the dividend. 



CMCELLATIOI. 

it has already been shown that if we multiply and then 
divide the product by the same numbei-, the value of the 
original number will not bs changed. Hence, it will 
appear evident that if I wish lo multiply 380 by 3 and 4, 
and then divide it by 3 and 2, that to multiply it by 2 would 
p£'oduce the same result. This operation may be expressed 
thus : 



772 Prod. 
Multiply 872 by 16, 25 and 8, and divide by 33 
and 30 ; and what Jiumhor will result * 

$$ 872 



Operation 
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CANCELLATIO?)- 



Multipiy 75 by 13, 28, 36 and 50, and divide by 25, 72, 
84 and 54. 



25 Result. 
Multiply IPS by I, W, ^, and divide by ^, J- and 36, 



4 ) 2205 

551 J Ans. 

i wish to muUiiJly 168 by one-fourtli part of 3. If ! 
place the factor 3 on tha right hand side, I malie the divi- 
dend too large by a factor 4. Hence, that the quotient 
may be of proper value, I will increase the divisor by a 
factor 4. 

Again, in relation to the -f, if I divide by the ivhole of 
4 it will give a quotient only one-seveotli as large as i 
should be ; hence, to make it what it should bo, I mus 
increase it by a factor 7, whigh is done by writing a factoi 
7 on the dividend side of the line. By a course of 
soning entirely Bimilar, we shall find that in case of ffac- 
tions, we must ivrite the numerator on the same side of the 
perpendicular line that it would he if it toere a whole num- 
ber, and the denominator on t/te other side. 
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44 CA^'CI:LLAT10N. 

Remark. — The active teacher will call the attention of 
the student to such abbrevidtions as they may occur, more 
profitably than it can be done here. And as many oppor- 
tunities will be ofTefed in the following pages, for practice 
ill this particular, we deem it unnecessary to increase the 
number of examples. 

Examples to be solved ly Analysis. 

1. If 4 yards cost $7, what will 20 yards cosE ? 

Ans. ^35. 
Note. — 30 yards being 5 times ns much as 4 yards, 
they will cost 5 times as much : hencs, to And the cost of 
30 yards, multiply the cost of 4 yards by 5, 

2. If 38 lbs. butter cost «5 93, what cost 7 lbs. ? 

Ans. SI 4S. 

Mote. — 7 lbs. being \ of 28 lbs., they will cost only k 
as much : hence, to find the cost of 7 lbs., divide the cost 
of 38'lbs. hy 4. 

Remark. — Let the teacher compel iho student to give a 
good reason for each step. 

Appeal. — If you are a sludent, do not pass over a point 
without knowing fully all the reasons why, and then learn 
to tell those reasons to others fluently. 

3. If H tons of hay will keep 3 cattle during the winter, 
how many tons will it take to keep 35 cattle tlie same 
time ? Ans. 87J. 

Note. — First find the nmount required to keep one, and 
then multiply by 25. 

4. What will 9 yards of cambric cost, if $40 96 be paid 
for 73 yards ? Ans. $5 12. 

5. If 12 h lbs. of sugar cost $1 34, what will 1 cwt. cost? 

Ans. ffilO 73. 
G. If a bankrupt pay 12s. 6d. on a pound, how much 
will A. receive to whom he owes £1000 * Ans. £635. 
7. What cost 3 hhd. of wine at 10 cts. a pint i 

Ans. #151 30. 
B. If a man performs a journey in 6 days, when the 
days are 8 hours long, in how many days will he do it 
when the days are 13 hours long ? Ans, 4, 
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CANCELLATION. 45 

a. If a pipe empty a cistern in 15 hours, how many 
pipes will empty the sarae cistern in -^ of an hour i 

Ans. 20. 

10. If 12 pears are worth 21 apples and three apples 
cost a cent, what will be the price of four-score and four 
pears ? Ans. 49 cents. 

11. How long should a person keep $450, to compen- 
sate for the use of S^150 for 18 months 'i Ans. 6 months. 

IS. A man bought 18 pipes of wine at 12s. 66., New 
Jersey currency, a gallon ; how many dollars did it cost ^ 
Ans. $a780. 

13. If in four months I spend as much as I gain in three, 
how much do I lay up at the year's end, if 1 gain evei'y 6 
months $i-29 50 ? Ans. f 314 35. 

14. If 3 lbs. of sugar cost 35 cents, and 8 lbs of sugar 
are worth 5 lbs. of coffee, what will 100 lbs. of coffee 
cost % Ans. SS30. 

15. How many gallons of water must I add to a pipe of 
wine for which I gave $105, to reduce the first cost to 75 
cents a gallon ? Ans. 14 gallons. 

16. If I buy 54 barrels of flour for S397, what will 18 
harrels costal the samo rale !■ Ans. §09. 

17. If 14 men can reap 84 acres in 6 days, how many 
men must be employed to reap 44 acres in 4 days ? 

Ana. 11 men. 

18. If by working 9 hours a day, 5 men can hoe IS 
aci'es of corn in 4 days, how many acres can be hoed at 
that rate in 3 days, working 10 hours a day ? 

Ans. 27 acres. 

19. If 8 men can fauild a wall 15 rods long in 10 days, 
how many men will it take to build a wall 45 rodslong in 
5 days 'i Ans. 48 men. 

20. A man'having iSlOO, spent a part of it, and after- 
ward received five limes as much as he had spent, and then 
his money was double what it was at fiisl. How much did 
he spend ? Ans. $25. 

21. A merchant bought a number of bales o? velvet, 
each containingl39^f ysrds, atthe rate of $7 for 5 yards, 
and sold them out again at the rate of Sll for 7 yardsj 



Hostec by Google 



PROPORTION, 



I by tiie bargain ; how many bales were 
Alls. 9 bales. 



PROPORTION. 

Suppose that two yards of cloth cost sis dollars, and I 
wish to find what nine yards of iha same cloth will cost. 

If two yards of cloth coat six dollaris, one yard, which is 
one half of two yards, will co?t one half of six dollars, 
or three dollars. If one yard cost threo dollars, nine 
yards, which is nine times one yard, will cost nine times 
three dollars, or twenty-seven dollars. Therefore, if two 
yards of cloth cost six dollars, nine yards of the same 
cloth will cost twenty-seven dollars. 

Now, il is evident that I may always find the cost of any 
quantity, as I have done in this case, by first obtaining the 
cost of a unit, and then mtilf iplying that by the number of 
units. But as dividing to find the cost of a unit will often 
give an- awkward fraction, I will seek some method of 
solving such problems which shall obviate the necessity 
for sucii division. 

The first number of yards multiplied by the price per 
yard will give its cost, and the second number of yards 
multiplied by its price per yard will give its cost. But the 
price per yard being the same in both cases — calling these 
terms — the first term is multiplied by the same number to 
make the second, that the third terra is, multiplied by to 
make the fourth, — that is, the same ratio* exists between 
the first and second terms, that there is between the third 
and fourth. And whenever we have four terms which 
have the same ratio between the first and second that there 
is between the third, and fourth, they are said to be in pro- 
portion. And to show that such relation exists between 
the terms, dots are used as you see here. 

''Ratio is the quotient arising from divlcliagoae number by another. 
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yd. 



The firft and last terms aie called Eilremes and the 
second and ihiid teims aie called Means The firat and 
second taken tsgrthor are called a couplet an! the third 
and fouith sre called a couplet The tiisst teim in each 
(.ouplet la called the anlecelenl, and the secoiid term in 
each couple !■> called the consequent 

I will now use the leiniB oTthe first couplet as multipli- 
cands Nuw as the second multiplicand is thiee times the 
hiGt, if 1 obtim equal products it is evident tl at the first 
multiplicand mist be multiplied by a number thiee times 
es laige a& that bv which ne must multiply the second. If 
the second multiplicand had been five t mes the first, then 
the iirit must have been multiplied by a number hvo limes 
as large as that by which we multiply the second If the 
sei^ond had been nine times the first, then the first must 
have been multiplied by a numbei nine times as large as 
that hy which we multiply the second. And whatever 
ratio exists between the multiiiHcands must exist between 
the multipliers, in an inverae ordef. But from the nature 
of Proportion, the same ratio always does exist in the last 
couplet, that there does in the first ; hence, if the second 
couplet be inverted and multiplied into the first, we shall 
always obtain two equal products ; that is, the product of 
the means is always equal to the product of the estremes. 

This being the case, if a factor in one of the estremes is 
wanting, as in the case above, we may multiply together 
the factora of the means, and divide their product by the 
product of the given factors of the extremes. Or if a 
factor in the means is wanting, multiply together the fac- 
tors of the extremes, and divide their product by the pro- 
duct of the given factora of the means. 

On the principle that like causes produce like effects, and 
unlike causes produce corresponding unlike effects, il is evi- 
dent that if in arranging tiie terms,lhe first and third be made 
to represent the cause of the eifects which the second and 
fourth terms represent, there will be the same ratio between 
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PEO PORT ION. 



the first and socond terms as between the third and fourth- 
Hence, tiie rule : 

State the question, hy writing that which represents the 
cause of one effect in the first term, and its effect in the sec- 
ond term ; and that which represents the cause of the other 
elTect in the third teraj, and that which represents the elfect 
itself in the fourth term ; writing some character to rep- 
resent the unltnowii quantity. Then cause the correspond- 
ing factors in the first and third terms to be of the same 
denomination, also the corresponding factors of the second 
and fourth terms. Then if the unknown factor fait in 
either ostreme, divide the product of the means by the 
product of the given factors of the exlremes. And if the 
unknown factor fall in either of the means, divide the 
product of the extremes by the product of the given factors 
of the means. 

EXAMPLES IN PROPORTION. 

1. If 6 horses consume 34 bushels of oats in a certain 

time, how many bushels will 18 horses consume in the 



The statement reads — If 6 h( 
a certain time, 18 horses 
As the unknown factors falls in the extremes, the extre mes 
will form the divisor and the means the dividend, thus : 
C. E. C. E. 



1$ 
I S 
Apply the'prJncJples of cancelation, as before explained, 
and we have on the dividend side 34 to be multiplied by 3, 
which gives 103— hence, if 6 horses consume 34 bushels 
ef oats in a certain time, 18 horses will consuma i 02 
foush^la ia the same time. 
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■2. U a Ireo 20 feet high cast a shadow 30 feel long, 
how long will be the shadow of a troe 50 feet high i 

Ans. 75 feet, 
C. E. C. E. 
20 : SO : : 60 : a: 
The statement reads — If 20 feet of tree cause 30 feet of 
ehadow, 50 feet of tree will cause how much of shadow 'f 
The eKlrenies are the divisor and the means (he dividend, 
&c. The stateriient might, perhaps, with equal propriety, 
have read — if 30 feet of shadow require 20 feet of tree, 
how many feet of shadow will require 50 feet of tree 1 
The means would then have been the divisor and thn ex- 
tremes the dividend — but of course tie same result would 
have been obtained. 

C. E. C. E. 
30 : 20 : : ic : 50 
3. What will 20 yards of cloth cost, if « yards can be 
bought for $30 ? Ans. $1QU. 



if 6 yards cost $30, 20 vards will cost how much ^ 

4. Bought 18 barrels of flour for $72 ; what will be the 
cost of 43 barrels at the soma rate ? Ans. $168. 

C. E. C. E. 

18 : 72 : : 42 : a; 

If 18 barrels cost $72, 43 barrels will cost how much ! 

Tt. If S hats cost $24, what will 110 cost at the same 
rate ? Ans. «330. 

0. If 3 barrels of flour cost $24, what will 39 barrels 
cost ^ Ans. $312. 

7. if 16 pounds of sugar cost SS2 5G, how much will 13 
pounds cost? Ans. $3 08. 

8. If a man travel 105 miles in 6 days, how far will he 
travel in 120 days t Ans. 3100 miles. 

9. If 6 yards of doth cost 19 shillings, what wiir H 
yards cost ? Ans. 33 shillings. 



Hostec by Google 



50 PROPORTION. 

10. If 5 barrels of salt coat $7 25, what will b a the cost 
of 18 barrels^ Ans. $26 10. 

11. What win 16 tons of hay cost if 6 tons coat S21 1 

Ans. 856, 

12. If 6 bushels of corn cost $4 75, what will 75 bushels 
cost? Ans. S.^9 37.5. 

13. If 7 yards of cloth cost SS15 47 what will 12 yards 
cost 1 Ans. $26 52. 

14. What cost 36 pounds of cloves nt 8 cents for 5 oz.? 

Ans. $9 21f 
Remark, — In this example the 36 pounds must be re- 
duced to ounces, to agree with the other denomination of 
weight. 

15. If 2 cords of wood cost $11 50, what will H cords 
cost? Ans. 4°97 75. 

16. If ®4 75 be paid for 19 lbs. of salmon, how many 
pounds will S35 50 buy ? Ans. 102. 

17. If 7 ounces of silver are sufncient to mnko 17 tea- 
spoons, how many mav be made from 21 pounds t 

Ans. 816. 

18. If 5 and 2 make 10, how much will 9 and 5 be 1 

Ans. 20. 



Is cost $9 75, 


what ^' 


nil 13i yards cost ■ 
Ans. «29 2.^ 


C. E. 


C. 


E. 


4J ; 9 75 : 
# : 975: 


'■ \^,^ 


: X 



Notice, the 9 must be written on tho divisor side, and the 
2 (its denominator,} on the dividend side of the perpendic- 
ular. All mixed numbers must first be reduced to improper 
fractions. For suppose that, ia this example, we write the 
4 on the divisor side, and the 2 on the other side ; our divi- 
sor ia then only ^ of 4, but it should be ^ of 9. 

20. If 6\ bushels of oats cost $3, what will 9-5- bushela 
cost? Ans. $4 26.9. 
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I'BOPOETION. 



21. If i; of au eil-Eiiglish c 
13; yards cost 'i 



Note. If ^ of an ell-English of 3 quartera each cost £{, 
%f ynrds of 4 quarters enoh cost how much % 
■22. If 13^ cwt. coat $42-j., what will 48.| cwt. cost * 

Ans. $163 50. 
it will appear evident thai we may reduco the vulgat" 
fractions to equivalent decimals. 

C. E. C. E. 

13.5 : 42.25 : ; 48.375 : x 

And now if we will make the decimal places in the two 

causes eqiial, the decimal points may ba omittRd. For 

suppose we allow them to remain, and wa consider the 

fractions to have denominators expressed — 

'fii' ■ "fs^tf ■ ' WbV ' " 

125 I i00 
.100 4225 
1000 I 48375 
It will he seen that when the decimal figures aro thus 
made equal, they exactly balance against each other, (as 
the iwo one hundreds in this case,) and hence the decimal 
points may be omitted. 

23, If -J of a yard cost ^ of n pound, what will ^n^ 3. 
yard cosf? Ans. £1 Is. 

24. iffj of a ship coat £51, what are ^^ of her worth? 

Ans. £10 18s. 6?(i. 
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5a PEOPORTVOtf. 

25. If9-s- yards cost $11^, what will 16^^%- elis-Englisfi 
cost? Ans. S24. 

26. If H tons of hay feed 3 catlle during the winter ;. 
!iow many tons will keep 25 cattle the same lime ? 

Ans. 37j. 

27. What cost 1 cwt. of cheese at 24 cents for 3^ lbs.? 

Aa)s. $R 85f 

28. If ^ of a ship is worth mo<!0, how much is ^-^ of 
her worth? Ans. g.iOOO. 

29. If 5i yards of clolh are ivorlh #27J, how much are 
.'jOf yards worth ? Ans. $251 25. 

30. How much cotton doth can 1 buy for £10 6s. 8;^,, 
if I pay 6^ pence for. 1^ yards 1 Ans. 496 yards. 

31. If 4 men can mow 12 acres of grass in 3 days, how- 
many acres can 8 men mow in 18 days ? Ans. 144, 

m4 m8 

d3 : 12 : : dl8 : a: 

If 4 men in 3 days mow 12 acres of grass, S men in 
18 days wi!I mow how many acres t 

Direction, — Arrange both antecedents in the same 
order, and both consequents in tlie samo order. 

Rem IRK. — It will be observed that animal strength and 
tiJiiQ are most conveniently considered as thecause ; money 
and time also are often most cojivenieiilly considered as 
causa. 

32. If 4 students spend $98 in 3 months, how much wit! 
fi students spend in 10 months, at the same rate 1 

Ans, $480. 

33. If 20 horses eat 18 bushels in 10 days, how many 
bushels will feed 50 horses 20 days ? Ans. 90, 

34. If 18 men in 40 days, working 9 hours a day, can 
build a wall 340 feet long, 8 feel wide, and & feet hi^h ; in 
how many days, of 12 hours in a day, can 6 men build a 
wall 160 foet long, 6 feet high and 4 feet wide i 

Ans. 30, 

35. If 6 lbs. of cotton make 20 yards of cloth, an el! 
French wide, how many pounds will be required to make 
a piece of clolh 150 yards long, and an ell-Flemish wide * 

Ans. 224. 
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36. How much money will gain $& in 3 months, if 
*350 ill 9 months gain @15 f Ans. $4-20. 

37. If 45 yards of cloth, 6 quarters wide, will make 10 
suits of cloth'es, iiow many piecee, each 45 yards in length 
and 3 quarters wide, will make 500 suits of clothes T 

Ans. 100. 

38. If a cellar 32| feet long, 17^^ feet wide, and 101 
faet deep, be dLig in 2^ days by 6 men working l^^^ hours 
in a day, how many days of 8J- hours each, should 9 men 
work, to dig another measuring 90 feel long, 34| feet wide, 
and 12y^jf leel deep ? Ans. 24 days. 

39. A trench of 5 degrees of hardness, 70 yards long, 3 
yards wide, and 2 yards deep, can be dug by 336 men, in 
6 days of 10 hours each ; now, 240 men, in 9 days, can 
dig how long a trench of 6 degrees of hardness, 5 yards 
wide, and 3 deep, if they work 12 hours each day ? 

Ans. 86 yards. 

40. If 3 men receive $18 for working 3 days, of 10 
hours each, bow much should 8 men receive for working 9 
days of 12 hours each? Ans. 96173 60. 

41. If 23 men can cut 81 cords of wood in 3 davs, when 
the days are 14 hours long, how many men will be required 
to cut 183 cords in 4 days, when the days are 11 hours 
iong ? Ans. 42 men. 

42. If a stream of water running into a pond of 190 
ncres, will raise the |)ond 10 Inches in 12 hours, how much 
would a pond of .50 acres be raised by the same stream, in 
10 hours t Ans. 31f. 

43. If 17.5 bushels of corn, when corn is 80 cents a 
bushel, be given for the carriage of 200 barrels of flour 58 

must be given for the carriage of 90 barrels of flour, 200 
miles ? Ans. 434^3- bu. 

44. A garrison of 900 men have provisions for 4 
months ; how many must leave, that the provisions may 
last the remainder 9 months } Ans. 500. 

46. If a clslern 7^ feel long, 5^ feet wide, and 4^- feet 
deep, hold 784 measures of water, how many i 
5* 
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94 VRocotriox. 

would it hold if the length wore doubled, the width mdde S 
tirnes as great, and tha depth 4 times as great t 

Alls. 19816. 
40. If I of a job may be performed by 12 men laboring 
7 houra a day for 15|^ days, how many men may be with- 
drawn and tha residue of the job be finished in 15 days 
more, if the laborers are employed 7 houra a day ? 

Ans. 4 men. 

47. In what time will S627 50, loaned at 7 per cent, 
produce as much interest as S3510, al S-J- per cent, will 
produce in 1 year and 8 months ? Ans. 3J- years. 

48. If IftOO men, bsseiged in a town wiih provisions for 
•I weeks, allowing each man one pound a day, be reinforced 
by 500 men more ; and supposing ihat they cannot be re- 
Sieved until the end of 8 weeits; how many ounces a day 
must each man have, that the provisions n>ay last thart 
Jinie I Ans. 6| ounces. 

49. If 6 is 10, how much is 12 ? Ans, 20. 

50. If 12 oxen graze down 16.23 aores of grass in 20 
days, how many acres of tha same pasture will be sufficient 
for 24 oxen 24 days ? Ans. 30. 

51. If 3 masters, who have each S apprentices, in 5 
weeks of 6 days each, earn $360, how much will 5 mas- 
ters, who have each 10 apppentices, earn in 8 weeks, each 
week 5J- days, their daily wages being the same, the mas- 
ters working as well as the apprentices? 

Ans. $1073 m^. 

52. How many laborers must be employed to flnisb a 
piece of work in 15 days, which 5 can do in 24 days? 

Ans. 8. 

53. If when wheat is S3 cents a bushel, the cent loaf 
weighs 9 ounces, what should it weigh when wheat is 
Si 34.5 a bushel 1 Ans. 6 oz. 

54. If 9 yards of clolb cost £5 12s., how many yards of 
cloth can be bought for £44 16s.? Ans. 72. 

55. What will 26 yards of cloth come to, if $6 90 be 
paid for 13 ells-French ? Ans. m 20. 

56. A certain piece of corn may be hoed in 9 days by n, 
man who can hoe 5 rows In the same lime that each of two 
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iaterbstj SS 

Doyg CBii hoa 3 ; in how many days will the Bold be hoed, 
jl" they ail work together ? Ans. 1-^\ dnys. 

ST. A can mow an acre of gross in 6 hours, and B ia 8 
hours; how much will they jointly mow in 10 hours? 

An3. 2^^, 

■W . I f A and B can do a piece of work in 7 daya, and 
B aloae in 12 days, in how many days can A alone do |. of 
il^ Ans. !1J. 

59. IF 7 oz. 5 pwl. of iiread be bought for i^d. when 
corn is is. 2d. per bushel, what weight of it mav be bought 
for Is. 2d., when the price per bushel ia53. 6/i.? 

Ans. lib. 4oa. SfJ^pwts. 

60. If the freight of 9 hhd». of sugar, each weighing 
12cwl., 20 leagues, cost £16, what must be paid for the 
freight of 50 tierces, each weighing SJcwt., 300 miles* 

Ans. £92 lis, 104d. 



INTEREST. 

interest is ail allowance made, at a given rale by ths 
hundred, for the use of any commodity whatever. 

For instance, if an individual hires one hundred bushels 
of grain, and pays six bushels for llie use of it, he pays an 
interest of sis bushels on one hundred, or six hundredths 
j)art of the quantity hired. And whatever ia the quantity 
hired, if he pays a quantity equal to six one- hundred ths of 
it for the use of it, he is said to pay an interest of six per 
ceai. 

If he pays this for the use of that which be hired for one 
year, he is then said to pay an interest of six per cent per 
annum. If he pays an interest equal to seven one-hun- 
dredtha partof liiat wblclihe hires,he is then said to pay an 
interest of seven per cent per annum, &c. 

The quantity hired is called the Principal. 

. ' . f^.T!". i^'.^""'.'?!. . V."'.^."'. ."'. . inonlhJa =.005°. ?."°.T..' 

Sdal-» i!=,00l 
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6fl IKTEREST. 

I wish to find the interest of $675 48, for 2 yrs. S mo. 

If for one year the interest is .06 part of the principal, 
for two years it will he twice as much or .12 part of the 
principal. If for one month the interest is .005 part of iho 
principal, for 3 months it will be three tiroes .005 or .OlTi 
part of tho principal. If for sis days the interest is equal 
to .001 part of the principal, for eighteen dnys, which is 
three times six days, it will be three times .001 or.OOS part 
of the principal. These three results added give .138, as 
the fractional part of the principal which will be equal to 
ihe interest for 2 years 3 months 18 days. Hence, mul- 
tiply the principal by that and we have the interest. 
675.48 
.138 

540384 
202644 
67548 

83.21624 
Suppose the interest had beea required at seven per 
cent per annum. It is evident that if we divide the inter, 
est at si\ per cent by six, we shall have the interest al one 
per cent. Then if [ multiply the interest at one per cent 
by seven, I shall have ihe interest at seven per cent. 
Hence, to find the interest on any given sum, for any 

Multiply .06 by the number of yeara — then multiply 
.005 by the number of months — then multiply .001 by 
the number of limes six is contained in the Dumber of days ; 
add the three products, and then multiply the principal by 
their sum, and the product will he the interest nl six per 
cent per annum. 

To find the interest at any other rale than six per cent : 
Divide the interest at six per cent by six, and multiply the 
quolient by the given rate per cent. 

Amount is the sum of principal and interest. 
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INTEREST. -57 

IiUeresl upon Notes, on which partial pat/menls have leeii 

Tho following ru!e evidetitiy brings to a cirrsct result 
in computing inlerest on doles, when [larlial payments 
have been made. 

Find the amojin! of tho principal from the time it became 
due until the lime of seulement; and then find the amount 
of eoch payment, from thetiine il was made un'.il settle- 
ment, and sublracl iheir sum from the omoum of the prin- 

1. Rochester, Jan. 1st, 1848. 
For value received I promise to pay to John Sliort, or 

order, on demand, SSlOOO with inleresl from date. 

Chakles Patit. 
On this nolo were the following endorsemants : 
April 1st, 1848, received $250. Aug. 1st, 1648, received 

$235. March 16th, 1849, received $116. What wasdue 

at the lime of saltiemenl, June 25th, ISfiO—inlerest iieing 

reckoned at 6 per cent per annum ? 
OPES ATI ON. 
Principal - - - IglOtlO 

Interest for 2 years, 5 mo. and 24 da. - 140 

$1149 

First payment - - $251) 

Inleresl for -2 yrs. 2 mo. 24 da. - 8:i 50 

Second payment - - 22 j 

Interest for 1 yr. 10 mo. 24 da. - 2.:i 65 

Third payment - - 118 

interest for 1 yr. 3 mo. 9 da. - 8 87 

Sum of amounts - - - SG-i!) 02 

15ahnoeremainingduB,JiiEe25lh, 1850, ^439 9S 

2. Buffalo, July lih, 1842. 
On or before the first day of Jan., lS4ei, I promise to 

pay Janies Takeall, or order, S501), with ieterest at 6 per 
centj for value received. 

Wm. NEViiapAY, 
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59 INTEKEST. 

On this no!e were the following endorse men Is : 

Jan. Ttli, 1843, received «35. April I9th, 1643, re- 
ceived $5. Dec. 1.3lh, 1843, received |f77. Dec. SSlh, 
1845, received $300. What wasdueat the time of settle- 
ment t Ans. $1297 54.4. 

The subsloncQ of the following rule for computing ihs 
interest on notes, is established by law in many of the 
States, and by the Supreme Court of the U. S. 

Rule. — Compute the interest on the given principal, 
from the time ihe note was given to the time of the first 
payment. If the payment equals or exceeds the interest, 
add the interest thus foand lo the principal, and from that 
amount suhlracl the payment and use the remainder as a 
new principal. But if ihe payment ia less than the inte- 
rest, compute the interest to the date of the second payment, 
then from the amount, subtract the sum of the payments 
ihen made, unless they are together less than the interest 
row due ; in which case, compute the interest to the time of 
the third payment, &a. Whenever the payment (or sum 
of payments) exceeds the interest due, add the interest to 
the principal, and from the amount subtract the payment 
(or payments,) and use the remaioder for a nevv principal, 
with which proceed as before. 

1, A bond or note, dated Feb. 1st, 1810, was given for 
S500, interest at 6 per cent, and there were payments 
endorsed upon it as follows : 

May 1st, 1810 - - )S40 

November 14th, 1810 - - 8 

April 1st, IBll - - - - 12 

May Isl, 1811 - - - 31) 

How much remains due on said note, September Ifith, 

1811? Ana. ^455 57. 

Boston, Jan. Isl, 1841. 

2. For value received, I prnraiso to pay Monroe Bogar- 
dua, or order, §850, on demand, with interest at 6 per cent. 

Jonathan Loseitali,, 
On this note the following payments were endorsed : 
July lat 1841, received - - $100 62 

Dec. Ist, 1841, received - - 13 28 
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COMPOL'ND SKTEUEST. 59 

Aug. IStli, 1B43, received - - 175 75 

W hot was flue January 1st, 1843 f Alls. $650 38. 
3. For value received I promise to pay Wm. Conning- 
ham, or order, eight hundred aixfy-ssven dollars and thirty- 
three cents, wi^b interest at 6 per cent> 

On this note were the following endorsements : 
April 16lh, 18S3, - - ^136 4i 

April letl), 1826, - - 319 

Jan. Isl, 1826, - - - .518 68 

What remained due July lUh, 1837 ? 

Ans. S215 10.3. 



COMPOUND INTEREST. 

When the amount is found at the end of eacli period of 
time, and is used as principal for the next period, the inle- 
rest is said to bo compound. Henno for computing Com- 
pound Interest, we have the following rule : 

Find the amount for the first period of time, {one year, 
or one half yaar, as the case may he,) and use it as a new 
principal, upon which find the amount for the .second period 
of time, and thus proceed through all the different periods 
required. From the last amount subtract the first princi- 
pal, and the remainder will be tho Compound interest. 
EXAMPLES. 

1. What is the compound interest of $500 for 3 years, 
at 7 per cent? Ans. $112 52.1. 

2. What is the compound interestof $316 for 3 years, 
4 months and 18, days at 6 percent? Ans. $69 01.7. 

3. What will be the compound interest on $500 for one 
yeai, at 8 percent, the interest being computed quarterly? 

Ans. ^41 31.6. 

4. What is the amount of $1200, at compound interest 
for 4 years, at 4^ per cent, interest being due annually * 

Ans. $1417 37.7, 
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wO COMJHSSION AND INSUHANCE. 

5. What is the compound interest of £760 ICs. for 4 
years, at 4 per cent per annum t Ans. £128 12s. SJd. 

Given, the antoujit, principal, and tvme, lojind the rale. 
The amount is made up of the piincipal and interest 
added ; hence if I lubliact the piincipa! fiom ihe atnounl, 
I shall have left the interest, which is composed of three 
factors, principal, rate and time, two of which (principal 
nnd tiine.JI have given, to find the other fuctor. If I 
divide the interest, which is the pioduct ol principal, rata 
nnd time, by the pi oduot of principal and time, I shall 
have the rate per oetit Hence the rule 

Subtraci the principal fiom the amount, and divide the 
remainder hy the product of principal and time. 

Given, the amounl, principal and rate, to find ihe time- 
If I subtract the principal from the amount there will be 
left the ialeresl, which is composed of ths factors principal, 
rate and lime; two of which, (principal nnd rale,) are 
given to find the time. Hence, we have to divide the 
interest, which is the product of principal, rale and lime, 
by the product of principal and rate, and we have tho time. 
Ilence, the rule : 

Subtract the principal from tho amount, and divide the 
remainder by the product of principal and rate. 

COMMISSION AND INSUEASCE- 

'Commission is an allowance of a certain per cent, for 
transacting business, such as buying and selUug goods, &c, 

Imuranceis security against loss, by Hre or otherwise, 
and is obtained by paying a certain per ceniage on what is 
called the Premium. 

Premium is a certain per ceniage on the value of the 



Multiply the given sum by the given per cent, t 
«red as hundredths. 
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STOCKS— LOSS AND GAIK. (SI 

STOCKS. 

Stock is a general term applied to government !"iindSj 
and to the capital of incorporated companies. 

When Stocks sell at their original value, tiiey are said 
to be at par. 

When they sell for more than their original value they 
ore said to be above par. 

When they sell for less than their original value lliey 
are said to be below par, or at a discount. 



LOSS AND GAIN PER CENT- 

S5.10 
4.25 

.85 AV=-20 

Suppose a person to buy cloth at $i 25 per yard, and to 
sell it 565 10 per yard, I wish to find what fractional part 
of the lirst cost is gained. 

If I subtract the buying price from the selling price, the 
remainder will be the gain on the price of one yard, that 
is, on $i 25. 

Subtracting, I ha^e a remainder of .85. Now to find 
what part the .85 is of $i 25. As the numerator of a 
vulgar fraction is always such a part of the denominator 
as the value of the fraction is intended to represent, I have 
only to write the 85 for a numerator and the 425 for a 
denominator, (/jV) ^°^ '^ ^ change this vulgar fraction 
lo an equivalent decimal, 1 shall have the same value rep- 
resented in hundredths — or the gain per cent. 

Hence, to find the profit or loss per cent. : 

Make the profit or loss the numerator and the buying 
price the denominator of a vulgar fraction, (having both 
in the same denomination,) which change to an equivalent 
decima!. 
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To find at what pric^ goods must le soM to gain or lose ^ 
certain per cent. 

■fyis—h "S+s~^ ^f ^ ^"y wlisot at $1 25 per bushel, 
5 )1.25 at what price per bushel must I sell it 

to gain 20 per cent 1 

.35 A gain of 20 por cent is e^jual to -f^^ 

6 of the cost price ; which fraction re- 

' duced gives ^, hence, I wish to gain 

#1.50 ^, therefore 1 must soil the wheat for 

I of the cost price. J of $1 25 is $1 50. Hence, the sel- 
ling price must be #1 50 a bushel. 

Therefore, to find at what price a commodity must be 
sold to gain or lose at a given per cent : 

Make a vulgar fraction of the required per cent, which 
reduce to its lowest terms. Then add it to or subtract it 
from a unit, as (he case is one of gain or loss, and multi- 
ply the given price by the resulting fraction. 

Note. — If the selling price be given, to find at what 
price the commodity must have been bouglil to gain or lose 
a certain per ceat : 

Prepare the fraction, as in the rule, and divide the giv- 
en price by it. 



DISCOUNT. 

Discount is an allowance made for the payment of t 
sum of money before it becomes due. 
1 
.06 1.24)620.00 (.500 

— 620 



1.00 500 

1.24 120 Discount. 
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TIME. 63 

Siippoae a person to owe S620, to be paid at the expira- 
tion of four years, without interest, and I wish to find whaf, 
sum may be paid now, without gain or loss — discounting 
at 6 per ceut per annum. 

The interest on one dollar for one year is six cents ; for 
four years it is twenty-four cents, and the one dollar being 
added, gives the amount for four years — one dollar and 
twenty-four cents. Therefore, one dollar now, will be worth 
one dollar and Jwenty-four cenla, four years from now ; 
and for one dollar and twenty-four cents due four years 
hence, he c&n afford to take one dollar now. Hence, as 
many limes as one dollar nnd twenty-four cents is contained 
in the $620, so many dollars can be taken now. 

1 34)620 00(500 Then $500 is the present worth of 
6'iO the $620. And this subtracted from 

the $620 leaves $120, the amount 

00 discounted. Hence, to find the pres- 

ent worth of a sum of money due some time hence without 
interest r 

Find the amount of one dollar for the given rate and 
time, by which divide the given sum. 

Note. — To find the discount — subtract the present worth 
from ths original sum. 

Remark.— When Banks discount they reckon the inter- 
est upon the given sum in advance, and subtract that, which 
is evidently more than they should take, by the interest on 
the true discount. 



EQUATION OF TIME. 

1 individual to owe $300, to be paid at the 
expiration of four months, and $800 more, due at the expi- 
ration of eight months. I wisli to find at what one time 
the whole may be paid without gain or loss to either party. 
The present worth of the first $800, is $784 SI ; and the 
present worth of the second $800, is $769 23, The sum 
of these is $1553 54. 
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64 EeuATiON OP Time. 

Now llie question is, in what time will $1553 54 amount 
to S1600, at 6 per cent per annum t 

Subtracting the $1553 54 from 81600, we have $46 64, 
the interest to gain on ^1558 S4. If I divide this interest, 
which is made up of the factors of principal, rate and lime, 
hy the jiroduct of the two given factors, principal and rate,. 
I shall iiave the time, 
1553 B4 



03 31S4) 46 46000 ( .4981 of a year.. 
37 23406 



28.2240 

Hence the whole should be paid at tliQ expiratioii of ." 
n-.ontha 28.3 days. Hence the rule : 

To find the equaled time of several payments due scrae 
time hence without intefest : 

Find the present worth of each payment separately — then 
find in what tims the sum of these present worths will 
amount to the sum of the payments. 

EXAMPLES. 

1. A owes B $187 due at the expiration of 1 year ; 

110 50 due at the expiration of IJ years; 
114 duo at the expiration of 2 years. 
At what time may the whole be paid without gain or losa 
to either j reckoLing at 7 per cent 1 Ans. H years. 
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2. What will be the equated lime for the payment of the 
following bills ? 

$103 due in ^ year; 
106 (kie in 1 year ; 
112 due in 2 years ; reckoning at 6 per cent. 

Aks. 1 year 1 month 2,99 days. 
S. Find the equaled time for the payment of the follow- 
ing: 
$600 due in 4 years ; 
400 due in 5 years ; 
220 due in 2 years ; 
690due in 3 years; reckoning at 5 percent. 

Ans. 3 years 6 months 28.8 days, 
4, What would be the difference in time, in the third 
exnmple if we had reckoned at 6 per cent 1 

Ans. 2 months 10 days. 
The following rule is in common use, to find the equated 
lime of several payments due at different times ; 

Multiply each payment by its time, and divide the sum 
of the products thus obtained by the sum ol tho payments. 
Remarks. — That this rule does not give correct results 
is evident from comparing tho aaswers to the foregoing 
questions, as obtained by the two different rules. The 
error nrisea in balancing the interest of a given sum, 
against the discount of the same sum for the same time and 

For instance, the equated time for the payment of S800 
due in 8 months, and $800 due in 4 months, as found by 
this rule, is 6 months. That is, the rale seems to suppose 
the interest on $800 for 2 months equal to the discount of 
S300 for tho same time. Now, whatever is the rate par 
cent, the time aa found by this rule, would be the same. 
But is evident that for higher rates per cent there will be 
a greater difference between the interest and discount. 
Hence, the greater the rale per cent, the greater the erroi' 
by this rule. 

1. What would bo the answer to the first exnmple, found 
by the last rule i Ans. 1 year B montha 3.6 days. 
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2, What would be the answer to the second example ? 

Ans. 1 year 3 months 7,6 days. 

S. Whiiit would be the answer to the third example f 

Ans, 3 years 7 months 12 days 1 
4. What diiFerencB of time would i I make in the fourth 
^sample I Ana. S montba 23.3 days. 



SINGLE FELLOWSHIP. 

In Fellowship the money invested is called the Capital 
ar Slock. 

The gain is often called the Dividend. 

Three individuals commence a co-partnership. A puts 
in $300 ; B puts in $406 ; C pula in moO, and they gain 
$340. What is each one's share of the gain t 

I find the whole amount invested is 981200 ; of which A 
put in I'j^iiV, equal to ^ part ; B put in yVoV' ^'^^"^ to ^ 
part ; C pat in -rrsa^ equal to /^ nart. Hence A should 
Sia^o 1 ; B ^ ; C -j'j of the $240. 

Heiice, in Fellowship, to find each one's share of the 
gain or loss : 

Make vulgar fractions, having each partner's share of 
£he capital for the numerators, and the whole capital for 
the denominators, and take such parts of the whole gain or 
loss as those fractions represeQt. 



DOHBIE FEIIOWSHIP. 

When time is taken into consideration, we have what is 
iermed Compound Fellowship. For this we have the fol- 
lowiag rule.' 

Multiply each man's stock by the time it conlinues in 
trade, and use tbo product as his stock, and form fractions 
as befoi^o. 
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INVOLUTION AND' EVOLUTION. 6 ( 

INVOLUTION. 

The Root of a number is one of the equal factors into 
whieh the number may be resolved. 

The Power of a number is the product arising by using 
the number some number of times aa a factor. Thus : 
The 2nd power of 2 i3-(32)=3x2=4. 
" 3rd " " 2 is=(23)=2x2>c2=8. 
" 4th " "3 is-(3'')= 1,6. 
" 5th " " 3 is-{2s)= 32. 
■" 6th » " 2 is=(2»)= 64. 

The small figures at the right and a tittle above the root, 
are called Indices, or Exponents. They show how many 
times the root is taken as a factor, — that is, to what power 
the root is lobe raised. 

If we multiply 3' (the third power of two,) by 2" (the 
fourth power of two,) wo shall be combining a multiplier 
containing four factors of two, with a multiplicand con- 
taining three factors of two ; hence, the product will 
contain seven factors of two, or S' {2 eeventh power.) 
And in general ; to multiply together different powers, of 
the same number, give the number a new exponent equal 
to the sum of the exponents in both the factors. 

Multiply 3= by 3'. 3e. 

Multiply 2' by 25. 2«. 

Multiply 5= by 5', 5". 

Multiply 7^ by 7^ 7". 



EVOLUTION, OE EXTRACTING BOOTS. 

Table ofthe second and third powers of thenine digits. 



Roots. 


12 3 4 


5 


6 


7 


8 


9| 


Squares. 


1 4 9 16 


25 


86 


4tf 


64 


81 1 


Cubes. 


1 8 37 64 


135 


316 


343 


613 


73»l 
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SauAEE ROOT. 



SQUARE HOOT. 



The Square Rool of a number is such a number as being 
multiplied by itself will produce the given number. Thus 
3 is thfi square root of 9, or 6 is the square root of 36 . 

1 wish to find a means of extracting the square root of a 
number, aa 1396. I have first squared each of the nine 
digits, and t find that none of the squares occupies more 
than two figures. But as there are more than two fignres 
in this number, (1296,) t know there will be .more thou 
one figure in the root. And 1 now wish to find in what 
piaces of the square, the square of each figure in the root 
ivill be found. 



16 25 



SI 



| 2ai I 
200^-4 00 00 
20== 4 Oft 
1'= 1 



976 I 

9003=81 00 00 
70 s= 49 00 



3 6 
3 fi 



3X2+3X6 

+3x6+6x6 



66 ) 3 96 



3^+3x3x6+6x6 00 

For thai purpose 1 have taken the two numbers, 321 and 
976, and have decomposed them into the parts 200, 20 and 
1 ; Olid 900, 70 and 6, and have separated each of those 
pnrls. From oursystem of notation 1 know that the square 
of the hundreds' figure, (3,) will occupy the fifth place, (4,) 
counting from the right ; and, if the figure is of sufficient 
value, its square will occupy both fifth and sixth places, 
(81,) But it cannot occupy more than those two places, 
as before shown. That the square of the tens' figure, (2,) 
will occupy the third place from the right, (4,) and, if the 
figure is of sufficient value, (7,) its square will occupy the 
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SQUARE ROOT. G'd- 

third and fourth places, (49.) That the square of the 
units' figure, (1,) will occupy the first place at the rights 
and, if the figure is of sufficient valuo, (6,) its square wili 
occupy the first and second places at the right, (36) — but 
It cannot occupy more than those two places, as before 

Now, as the square of tens cannot reach nearer to the 
right than the third place, the square of units will be found 
in the first two places at the right. And as the square 
of hundreds cannot reach nearer to the right than the 
fifth place, the square of Sens will be found in the nest two 
places ; the square of hundreds in the next two places, &c. 

Heace, if in the extraction of square root we point the 
number into periods of two figures each, the number of 
periods limS formed will determine the number of figures 
in the root, and the left band period, (81,)will contain the 
square of the left hand figure, (9,) of the root. 

Hence, having pointed this number, (1396,) I will 
extract the root of the greatest square in the left hand 
period, and it will bo the left hand figure of the root. 
I commence at the left baud also for the reason that if I 
have a remainder, I can reduce it to units of a lower 
denomination, and thus avoid fractions. 

The greatest square number in 12 is 9, the root' of 
which is 3, Subtracting this square from the left hand 
|ieriod, I have three for a remainder. Now as the next 
figure of the root affects the nest two places in the square, 
I will annex to this remainder the next period of the square. 

Now that ! may obtain tha next figure of the root, I 
will ascertain of vBhat this remainder is composed. For 
that purpose I have taken lH^ number 36 and squared ii, 
representing the operation by appropriate signs. The tens 
multiplied by tens give that. (3x3.) The tens into the 
units give that. (3x6-) The units into the tons give that. 
(3x6.) The units into the units give that. (6x6.) 

I notice that the square of a number consisting of tens 
and units, is composed of the squareof the tens, (3 =,) plus; 
twice the pr.oduct of the tens by the units, (2x3xS,) plui. 
the square of the unjt$, (6x6.) 
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70 SQUARE ROOT. 

I have already subtracted the square of the tens, hence 
this remainder must be composed of twice the product ol' 
tens by the uiiiis, plus the square of the units ; but mostly 
of twice the product of the tens by the units. Therefore 
if 1 divide this remainder by twice the tens, I shall, obtain 
the units — or some number larger. 

But twice the tens will give lens, and that multiplied by 
units will give tens, hence the units figure of this remain- 
der will form no part of twice the tens by the unite — 
therefore I will reject the units figure, and divide by twice 
the tens by the units. 

Twice 3 is 6 ; and 6 is contained in 39 six times — but 
as this remainder is also composed of the square of the 
units, I will write the 6 at the right of the divipor, that it 
raa>, be squared when I multiply. Now, multiplying and 
subtrncting, I have no remainder. 

The square of a decimal fraction always consists of full 
periods of two figures each : hence, commence at the right 
hand lo point off in decimals, so that if there are not full 
periods we may annex naughts, and thus give it the form 
of a complete square. 

Hence, to extract the Square Root : 

Point the number into periods of two figures each, com- 
mencing at the decimal point and pointing each way. 
Find the greatest square number in the left hand period, and 
place its root as the left hand figure of the root. Subtract 
thit square number from the left hand period, and to 
tha remainder annex the next period for a dividend. 
'Take twice the root already found for a divisor ; find the 
number of tiines the divisor is contained in the dividend, 
rejecting the right hand fi^re ; place the result as the 
next figure of the root, and also at the right of the divisor. 
Multiply the divisor thus augmented by the last figure of 
the root found, and subtract the product from the dividend. 
If there is no remainder or more periods, we have the 
entire root ; but if there is a remainder, annex the next 
period, and form a new divisor, by taking twice the root 
MOW found, and thus proceed until all the periods hare 
been jsed. 
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EXTRACTION OF CUBE ROOT. 



EXTRACTION OF CUBE ROOT. 

23456789 

8 37 64 125 216 343 512 72a 

976 



200^=4 000 000 900 
20== 4 000 70 
1'= 1 6 


=729 000 000 
= 343 000 
= 216 


3 6 

3 6 


13,824[34 
8 


3x3+3x0 

3x6+6x6 


12) 5 824 

48 
98 
64 

5824 

0000 


3 6 


3X3x3+3x3x0 

+3x3x6+3x6x6 
+3x3x6+3x6x6 

+3X6X6+6X6X6 


33 + 3=X6 +3X6= + 6' 





I wish to find n means of extracting the cube root of a 
number — tiiat is of finding a number, which, being used 
three times as a factor will produce the given number, 
(13,824.) 

First, I have cubed each of the nine digits, and I find 
that no one of the cubes consists of more than three fig- 
ures. But as there are more than three figures in this 
number, (13,834,) I know (here must be more than one 
figure in the root. 

1 now wish to find in what places of the cube, iho cube 
of each figure in the root will be found. 

For that purpose I have taken the two numbers 2S1 and 
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976, and decomposed ihem into tlie parts 300, 20, and 1— 
and SOO, 70, and 6, and have cubed those pans. 

From our system of Notation, I know that the cube ol' 
the hundrsdi figure will occupy the seventh place from the 
right, and if the figure is of sufficient value, its cube may 
occupy the seventh, eighth, and ninth places from the right. 
Thai the cube of the tens figure will occupy the fourth 
place from the right, and, if the figureis of sufficient value, 
its cube will occupy the fourth, fifth, and sixth places from 
the right. That the cube of units will occupy the first 
place at the right, and if the figure is of sufiicient value, 
its cube wili occupy the first, second, and third places from 
the right. Now as the cube of tens cannot reach nearer 
lo the right than the fourth place, — the cube of units will 
he found in the first three places at the right. And, as the 
cube of hundreds cannot reach nearer to the right thau the 
seventh place, the cube of tens will be found in the ne xt 
three places ; the cube of hundreds in the next three 
places, &c. 

Hence, if io the extractioa of cube root, we point the 
number ofi^into periods of three figures each, the number 
of periods thus formed will determine the number of figures 
in the lOot, and the left hand period will contain the cubo 
of the left hand figure of the root. 

Hence having pointed this number, (I38'24,) I will ex- 
tract the root of the greatest cube in the left hand period 
and it will he tho lefthandfigureof the root. I commence 
at the left hand, also for the reason, that if 1 have a re- 
mainder, I can reduce it to lower denominations and thus 
avoid fractions. 

The greatest cube number in 13 is 8, the cube root of 
which is 2. Subtracting this cube number from the left 
hand period I have 5 for a remainder. Now as the next 
figure of the root affects the next three places in the cube, 
I will annex to this remainder the next period of the cube. 
Now, that I may obtain the next figure of the root, 1 will 
ascertain of what this remainder is composed. For that 
purpose I have taken the number 3fl and cubed it, — repre- 
senting the operation by appropriate signs. Fjrst, I must 
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EXTRACTION OF CUBE BOOT. 7J 

square it. The tens into the tens give that — {3x3.) The 
tens into the units, give that — (3x6.) The units intfl tha 
lens give that — (3x6.) The units into the units give 
thai— (6x6.) I now have the square of 36, which being 
multiplied by 36 will give its cube. 

The leas into that liae, (3x34-3X6) give that— (3x3x 
3+3x3x6.) The tens into that line, (3x6+6x6,) give 
that— (3X3X6+3X6X6.) The units into that line, (3x 
3+3x6.) And the units into t/ds line, (3x6+6x6,) give 
that— (3x6x6+6x6x6.) 

I, notice that the cube of a number consisting of tens aiid 
units is composed of the cube of the lens, (3') plus three 
times the squai^e of the tens by the units, (3x3^x6,) plus 
three times the tens by the square of the units, (3x3x6=,) 
plus the cube of the units. 

I have already subtracted the cube of the tens — hence, 
this remainder must be composed of three times the square 
of the lens by the units, — three times the tens by the 
square of the units, — and the cube of the units. But a 
great part of it is made up of three tiinee the square of the 
lens by the units. Hence, if I divide this remainder by 
xhree times the stjuare of tho tons, 1 shall obtain the units, 
— or some number larger. 

But the square of tens gives hundreds, — and that muUi. 
plied by units gives hundreds, — hence the two right hand 
figures of the dividend can form no part of three times the 
square of the tens by the units, — therefore reject the two 
j'ight hand figures, and divide the rest by three limes tho 
square of the tens. 

The square of the tens (2) is 4, which multiplied by S 
gives 12 for a divisor. Twelve is contained in 58 four 
lintes, — place the 4 as the next figure of the root. Mulli- 
plying tho divisor by this figure, (4,) I obtain three limes 
the square of the tens by tho units, (48,) agreeing with the 
first part of the remainder, which being hundreds, place it 
in hundreds place. 

The next part of the remainder is composed of three 
times the lens into ihe square of units. Three times the 
tens(2,) gives 6, which multiplied'by the square of itniL';, 



Hostec by Google 



(Ifi,) gives 96. Threo limes the tens gives lens, and ihs 
square of units being units, three limes the tens into the 
square of units gives tens — hence, place it in tens place. 
The cube of units being units, place it in units place. 
Adding, and subtracting from the dividend, I have no rs- 
mainder, hence, 24 is the exact root. 

Tbe cube of a decimal fraction always consists of full 
periods of three figures each — hence, commence at the left 
hand to point off in decimals, so that if there is not full 
periods wc may annex naughts, and thus give ii the Jbmi 
of a complete cube. 

Hence, to extract the Cube Root : 

Point the number into periods of three figures each, 
commencing at the decimal point and pointing each way. 
Find the greatest cube number in ihe left hand period, and 
place its TOot as the left hand figure of the root. Subtract 
that cube Dumber from the left hand period, and to the 
remainder annex the next period for a dividend. Take 
three times the square of the root already found for a divi- 
sor. Find the number of limes it is couiainDd in the 
dividend, rejecting the two right hand figures. Place the 
result as the next figure of the root. Multiply the divisor 
by this figure, and place the product under that part of the 
dividend used. Then take three times the tons, (of the 
root.) inlo the square oC the units, and place under the first 
product, one place farther to the right. Then take the 
cube of the units and place under the last product, one 
place still farther to the right. Add the three results 
together, and subtract their sura fromlbe dividend. If we 
have no remainder or more periods, we have the entire 
root ; but if there is a remainder, annex the next period, 
and form a new divisor by taking threo times the square of 
the root now found, &c,, and thus proceed until all the 
periods have been usedi 
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DUOCECMIALS. 



L 



_! 



^ 1 

IIZI 



If a square foot be divided into twelve equal parts, each 
ons foot long and one inch wide, llie surfaces so obtained 
are called primes. If one of these primes be divided into 
twelve equal parts, each one inch long and one inch wide, 
the surfaces so obtained are seconds. If a second be divi- 
ded into twelve equal parts we obtain thirds, &c. 

Primes are designaled by one stroke, seconds by two 
Klroltes, thirds by three strokes, &c. — thug, 2ft. '2' 7" 8"' is 
read three feetj two primes, seven seconds and eight thirds. 

It is evident that twelve units of any one of these de- 
nominations will make one of the next higher. And as 
their values increase or decrease in a twelve-fold proportion, 
these numbers are. called Duodecimals; and as we shall 
explain them, they are used in the measurement of surfaces, 
but they 7nay be used in the measurement of solids also. 

Suppose that I have a board four feet and five inches 
(not primes ) long, and three feet and four inchM wide, of 
which I wish to find the amount of surface. 

If I give the four feet of length one foot of breadth, I 
shall obtain ibur square feel and five primes. This will 
extend across the board one foot, but as the wliole hotxri 
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75 ALLieATiON. 

contairis three and four-tivelflhs as much surface, I nn'St 

miilliply the 

4/i. 5' !iy First, I will multiply by 3. Throe 
S 4 twelfths, times five primes are fifteen primes, 
equal to one foot and three primes. 

13 a' 1 will write the three primes and 
1 5' 8" reserve ihe one fool. 

_ Three times the four feet ar& 

14 6' 8" twelvefeet, ondthe onefootreserv- 
ed being added gives thirteen feet, which I will write down. 

Now I will multiply by the four -twelfths. Four limes 
tho five would be twenty jirimes, if the four was a whole 
number, but aa it is twelfths, the product will be twelfths 
of primes or seconds — equal lo one prime and eight sec - 
OKiia. I will write down tho eight seconds oiio place 
towards the right, and reserve the one prime. Four limes 
four would give sixteen feet if the four was a whole num- 
ber, but as it is twelfths, the product will be twelfths of 
square .feet, or primes, and the one prime being added gives 
seventeen primes — equal to one foot and Ave primes. I 
will write the live primes under the primes and the one 
foot under the feet. The first partial product represent;! 
the surface of the board which is three feet in width, and 
tlie second partial product represents the surface of the 
board which is four inches in width ; hence, if I add thera 
I shall obtain the whole surface of the board. 14/!. 8' 8". 
Hence, the rule : 

Multiply one dimension by the number of units in the 
oiher, commencing with llie left hand term of the mulli- 
plier. Carry one for every twelve, and place the product 
arising from the successive parts of the multiplier, ono 
place farther towards the right. Then the sum of the 
partial products will be tho entire product. 

ALLIGATION. 

If we mix 4 bushels of oats at 25 cents, with 5 bushels 
of corn at 40 cents, and 6 bushels of barley at 45 cents-~- 
wbat will one bushel of the mixture be worth 1 
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4 bushels of oats at 25 cents is woi'lh $1 00 

5 " " corn " 40 " " " 2 00 
y '■ " barley " 45 " " " 2 70 

15 bushels nf misture is worth So 70 

Hence, one bushe! of the mixture is woi-lh one fifleenti! 
pan of $5 70, equalto 38 cents. 

Henca, having the price nnd quantity of each of several 
simples given, to find the mean price of the misture : 

Multiply each price by the quactily nnd divide lii« sum 
of the product by the sum of the quantities. 

This process is called Aliigalion Medial. 

Hanoe, Alligation Medial is finding the mean price of a 
mixture, formed from simples whose quantities and prices 
are linown. 



When the price or rate of each simple is given, and we 
wish to find the quantity to bo taken of each to mate a 
mixture of a given rate or quality, the process is called 
Aliigalion Alternate. 

flS 3 4 12 18) 54(3 



120 



54 



i 



(5) 



18 



Suppose a grocer to have sugars — some at 18 cents, 
some at 2i) cents, some at 23 cents, and some at 24 cents a 
pouGQ, of which he wishes to make a mixture worth 21 
cents a pound — bow many pounds of each kind mast he 
lake? 

if ho takes one pound of the IB cents sugar, puis it into 
iha mixture and sails it for 21 cents, he will gain three 
cents. 

If he takes one pound of the 20 cents sugar, puts it into 
the mixture and sella it for 21 cents, he wil! gain one cent. 

If he takes one pound of the 23 cents sugar, puts \i into 
the ini?:ture and sells it for 21 cents, he wilt lose two cents. 
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If he takes one pound of the. 24 cents sugar, puts it into 
the mixture and sells it for 21 cents, he will lose ihree 

If ho should take four pounds of the 13 cenla sugar, 
instead of taking but one, he would gain twelve cents. 

If of the 30 cents sugar ho sliouid lake seven pounds, he 
would gain seven cents. 

If of tlie 33 cents sugar he should take two pounds, he 
would lose four cents. 

We ROW find that he has gained in all nineteen cents, 
and that he has lost but four cents — hence, in order that 
tlie mixture shall be worth 21 cenis a pound, he hais yet 15 
cents to lose— and he must lose it on the 24 cents sugar; 
If on one pound of the 34 cents sugar he lose three cents, 
it will take aa many pounds, that he may lose 15 cents, as 
three is contained times in fifteen. It is contained five 
times. Hence, he may take five pounds of the sugar at 34 
cents,— two pounds at 33 cents, — seven pounds at ^0 cents, 
— and four pounds at 18 cents, to make a mixture worth 
31 cents a pound. 

Suppose we wero required to make a mislure containing 
51 pounds. 

By adding the quantities now obtained, I find we have 
18 pounds ; just one-third of the quantity required — hence, 
I must multiply each quantity already found by 3. 

Therefore, having tlie prices or rales of several simples 
given, to find the quantity to be taken of each to make a 
mixture of a given rate or quantity : 

Write the prices in a column, with the smallest first, the 
next larger next, and so on, — and the mean rate at the left 
hand. Draw a horizontol line separating the prices less 
than the mean rate, from those that are greater. Find iha 
difference betweea the prices and the mean rale, and place 
opposite the prices themselves. Multiply those differences, 
omitting one, by numbers taken at pleasure. Then from 
the sum of the products not on the same side of the hori- 
zontal line with the omitted difference, take the sum of the 
products on the same side, — divide the remainder by the 
omitted di^erence, and the quotient together witli the quan- 
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79 



titiea taken itt pleasure, will be the proportionate quantity 
of each simple, to be taken. 

if the whole quantity is limited : 

Divide the quantity to which it is limited by the sum of 
the quantities found by the rule, and multiply each quantity 
thus found by the quotient — the products will be the quan- 
tities to be taken of each. 



ARITHMETICAL PROGfRESSION. 



Isl. 2d. 



II 



4th. 
15 



3 3+4 8+4+4 3+4+4+4 
First lerm=3 
Last ierm=!0 
Number of lerms=5 
C. d.=a 4' 



Last term— 19 






3 




0. d.-4 






— 




Number of terius^^s; 






4)16 

4+1 -No. 




First term=8 


5 


7 


11 15 


19 


Last terni=19 


19 


15 


11 7 


3 


No. oflerms=5 
Sum of terms=s 










23 


23 


2'i 23 


22 



2 )11() 

Sum=55 
n of terms derived from each other 
according to some fixed and known law. 

A series of numbers increasing by a common addition, 
or decreasing by a common subtraction, is called an AritJf 
metkal Progreasion, 
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ffi ARITHMETICAL PEOGE-ESSION. 

I'lio common number added or subtracted is cnUed the 



The first ond last terms are called, extremes. 

The first term (3) is a term given. The second term 
(7) ia formed by adding the common difference to the 
first term. (3+4). The third term (11) is formed by 
adding the common difference to the second term (3+4+4, ) 
— but as the second (7) has tho common difference occur- 
inp once, the third term will have the common difference 



The fourth terra is found by adding the common dilier. 
ence lo the third term— but as tho third term has the 
common difference occurring twice, the fourth term will 
have the common difference occurring three times. 

The fifth term is formed by adding the common differ- 
ence lo the fourth term — but as the fourth term bos the 
common difference occurring three limes, the fifth lerns 
will have the common difference occurring four times. 

I notice the common difference occurs /ofw times in the 
flfllt term, three limes in the fourth term, twice in the tkird 
term, &c. And in general, the common difference occurs 
in any term a number of times indicated by the number of 
terms less one. Henco, to find any term : 

Multiply the common difference by tho number of the 
terra less one, and to the product add the first term, 



the 

The last term (19) is made up of ihe common difference 
(4) taken a number of times indicated by the number of 
terms leas one, added to the first term. Hence, if I subtract 
the first term from the last, Ihe remainder (16,) will be 
composed of the common difference, taken a number of 
times indicated by the number of terms less one. There- 
fore if I divide this remainder (16) by the number of terms 
less one, (4,) I shall have the common difference. Hence, 
having the first term, the last term, and the number of 
terms given, to find the common difference : 
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Divide the dilTeience of the extremes by the number of 
terms lesS' one. 

Suppose that I have given, tho first term, the lasl term, 
and Ihe common ditference, lo find the number of terms. 

The last term (19) is made up of the common differenca 
(4) taken a number of times indicated by the number of 
lerma less one, ndded to the first term. Hence, if I subtract 
the fiist term from the last, the lemainder (16) will be 
composed of the common difference token a number of 
limes indicated by the numbe-i of terms less one. There- 
fore, if I divide this remainder (16) by the common differ- 
ence, (4,) I shall have the numhei of teims less one— and 
adding 1 i obtain the numhei of tei ms. Hence, having the 
first term, the last term, and the common difference given, 
tr- find the number of terms ; 

Divide the difference of the extremes by the common dif- 
ference, and add one to the quotient. 

Suppose that 1 have given, the first term, the last term, 
and tho number of terms, to find ihe sum of the series. 

If the first and last terms be added together we shall 
obljin a certain amoimt. (22.) If we take the secrnd 
lerm, oouniingfrom the left, which is grea/er than the first 
term by the common difference, and add it lo the second 
term, counting from the right, which is less than the last 
by the common difference, we shall obtain the scima 
amount. (23.) 

Again — if we take the. third term, counting from the 
left, which is greater than the second, by the common dif- 
ference, and add it to the third, counting from the right, 
which ia less than the second by the common diffference, 
we again obtain the same amount: (33.) 

And, in general, the sum of the extremes is equal to the 
sum of any two terms equally distant from the esiremes. 
Hence, if 1 invert the Berlea and add it to itself, ! shall 
obtain a set of like mimhers-^iho sum of which may be 
obtained by multiplying one of them (22) by the number of 
them. (5.) 
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B2 GEOMETRICAL PHOGBESSIOS. 

Hal lliia sot of like numbers ivas formed by adding the 
original series lo ilself— henca, it must be twice the origi- 
nal aenes— therefore its sum (1I») is twice the sum of the 
original series, — and hence, divide this sum (110) by 2, 
and we have the sum of the original aeries. 

Hence, having given, the tirst term, the kst term, and 
the number of terms, to find the sum of the series : 

Multiply the sum of the extremes by the number of 
terms, and divide the product by 2, — or multiply the sum 
of the extremes by one-half the number of terms, or muki - 
ply one-liaif the sum of the extremes by the number of 



GEOMETRICAL PEOGHESSION. 



2 2x4 2X4X4 2x4x4x4 2x4x4x4X4 
2 2x4 2x4^ 2X4= 2x4^ 
Fiisl lerm=2 | i : x : : x : 16 
Laaierm=5ia 2)512 | i=^04 

No. of lerms=5 j K=r8 

Rfllio=a; '1/256=4 Ral.t 
First term=2 2 8 32 128 512 
Last lerm=--)12 8 32 123 512 2043 
Uauo=4 2 


A series of numbers increasing by 
r decreasing by a common divisor, is 


3 ) 2046 

0»2 Sum. 

called a Geometrical 



Progressioi 

The common multiplier or divisor is culled tho Ratio. 

The first term is a term given. The second term is 
found by multiplying ihe first term by the ratio. The third 
term is found by multiplying (he second term by the ratio; 
but OS the ratio occurs in the second term once as a factor, 
it will occur in the third term iwice as a factor, or raised 
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oEOMETRicAL FROnftEasios. B3 

lo the second power. The fourlli term is found by niulli* 
plying the third term by the ratio; biit ns the ratio occurs 
in the third term twice as a factor, it will occur in the 

J'ouTlk terra three times as a factor, or raised to the third 
power. The fifth term is found by muhiplying the fourth 
term by the ratio ; but as the ratio occurs in tfie fourth 
term three times as a factor, it will occur in the; fifth term 

four times as a factor, or raised to the fourth power. 

Wq may notice that the ratio occurs raised to \\\e fourth 
power in the fifth term, to the third power in the fourlh 
ierm, to the second power in the third term, &c'. And io 
general, the ratio occurs in any term, raised to a power 
indicated by the number of the term less one. 

Henee, to find any term i 

Raise the ratio to a power indicated by the number oC 
the term less one, and multiply that power by thB_^rj( term. 

Suppose that we have given the first term, the last term, 
and the number of terms, to find the ratio. 

The last term is made up of that power of the ratio 
indicated by the number of terms less one, multiplied by 
the fii:st terra : hence, if I dwide the last term by the first, 
I shall have for a quotient that power of th« ratio indicated 
by the number of terms less one. Therefore if I take that 
root of the quotient indicated by the number of teems less 
one, I shall have the ratio. 

Hence, having given the first ternii the last term and the 
number of terms, to find the ratio : 

Divide one extreme by the other, and take that root of 
the quotient indicated by the number of terms less one. 

Suppose I wish to find the mean proportional between 
two numbers, as 4 and 16. As both means of the propor- 
tion are wanting, we have i : x : : x i IG. But as the 
product of the means is equal to the product of the ex- 
tremes, we have the equality, «^=64. Now if a!^— 64, 
the root of x^ must be equal to the root of 64, (or 8.) 
Hence, 8 is the mean proportional sought* 
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84 jlNSBITlES AT SIMFLB INTEREST. 

'Therefore rhe role to find a mean proportional belweaii 
Iwo numbers : 

Mutlijjiy them togalher and take the square root of ihoir 
product. 

Suppose (ve have gi\'6n the first terra, ih^ last term nnd 
tho fatlo, to find the sum of the series. 

If I multiply the original series by Us own ralio, 1 shall 
obtain a aeries which will be aa many times ihe origiiiol 
aeries as ihore are units in tho ralio. Now if 1 subtrnct- 
the first series -from this new serieSj I shall obtain as many 
times the original series as there are units in the ratio less 
one. Subtracting, the terms cancel, except the first and 
Inst. Sublrocting the first (2) from the last (3048,) I 
obtain 2046 ; which, is as many times the first series as 
there are units in the ratio less one. Hence, divide by 
the number of units in iha ratio less one, and we have the 
sum of the series. 

Hence, the rule : 

To find the sum of the series, mulliplj the last terra by 
the ratio ; from that product subtract the first terra, and 
divide the remainder by the ratio less one. 

ANNDITIES AT SIMJIE ISTESEST. 

An Annuity is a sum to be paid at stated periods. 
When an anrtuity remains unpaid for some number of 
years, h is said to be in arrears, or to be farhome. 

I wish to show that the book account of an annuity m 
arrears, at simple interest, constitutes an Aritkraetieal 
Series. 

Suppose the acnuity to be S50, lo be paid annually, bu; 
that it has remained unpaid for some years, simple inieres: 
being reckoned, at 6 per cent. 

50 I At the expiration of tho first year, there 

50 I 3 will be charged $60 for annuity. At the end 
50 I 6 of tiie second year there will be charged for 
60 9 annuity $.50, and S3 lor interest on the first 
^c.|^c $50 for the last year. At the end of ihethird 
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■ COMPOUND INTEREST. 



85 



year there will be charged for annuity $50, and S6 for 
interest on the last two fifties for tlie lost year. At the 
end of the fourth year there will be charged for annuity 
$!iO, and $9 for interest on the last thee fifties for the last 
year. 

By examining these charges wa shall find that they form 
an Arithmetical Progression, of which the annuity is the 
first term, the interest on the annuity for one year is the 
common difference, and the number of years is the number 
cf terms. 



INNUITIES AT COMPOUND INTEREST. 



100 


100 

7 


100 


100 

7 






7 


7 






.49 


7 
.« 
.49 
.49 








.0345 


iOU 


107 


114.49 


12-2..W43 



I wish to show that the book aocouBt of an annuity in 
arrears at compound interest constitutes a Geometrical 
Series. 

Suppose the annuity to be $100, to be paid annually, but 
that it has remained unpaid for some years, and compound 
interest to be reckoned at seven per cent. 

At the expiration of the first year, there will be charged 
#100, for annuity. Al the end of the second year, there 
wili be charged for annuity $100 and $7 for iMeresl on the 
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B6 ANMUlTtEa AT COMPOUND iNTEBEST. 

first SSlOO for the last year. At the end of the third yeari 
ihere will tie charged for annuity SlOO and ®7 for interest 
on the first #100 charged, for the last year, and $7 for 
interest on the second $100 for the last year, and .49 for 
interest on the ®7 charged for the last year. At the end 
of the fourth year there will bo charged $100 for annuity, 
$7 for interest on the first $100 for the last year, — $7 for 
interest on the second $100 for the last year, — $7 for inler- 
ost on the third $100 for the kst year — .49 for interest on 
the first $7 of interest for the last year — .49 for interest oil 
the second $7 for the last year — .49 for interest on the 
third $7 for the lasl year — and .034S for interest on the 
.49 for the last year. Now if any one of these annual 
charges, be divided by the one immediately preceding it, 
the quotient will be the amount of one dollar for one year 
at the giren rale per cent. 

Hence, the book account of an annuity in arrears at 
compound interest does foi-m a geometrical series of which 
the annuity is the first terra, — the amount of one dollar for 
one year is the ratio, — and the number of years is the 
number of terms. 
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THEORIES OF ALGEBRA. 



ADDITION. 

■la +6c +7ab —lab +12a6 —Uah 
5ft —id +5oS — 5aJ — 7ai + 7oS 

4a4-5S. 6c— 4d. +I2aA. —IZab. +5ai. — 5a5. 

To 4a I wish to add 56. As the qudnthies are dissimilar 
I caQ only add ihem by writing the proper Kign between 
them. 

To pt«s 6c I wish to ndd Riinus id. The 'id being a 
subtractive quantity, if I annex it lo the 6c itwiil evidenly 
diminish its value, and the result will be 6c — id. 

To plus 7ai I wish to add plus bab. As the quantities 
are similar, and both plus, it is evident that I shall have a 
plus amount equal to the sum of the two, or +12a&. 

To minus dab I wish lo add minus 5ab. As the quanti- 
ties are similar, and both minus, it is evident that I shall 
hav9 a minus amount equal to the sum of the two, or 
— 19a6. 

To plus ISaJ I wish to add minus lab. The minus sign 
before the lab shows it to be a subtractive quantity ; hence, 
if I unite it to the I2ab it will take from it, and 1 will evi- 
dently have + 5ab. 

To minus ISaft I wish to add plus lab. The minus 
(tign before the I2ab shows the 12ab to be a subtractive 
quantity. Heuce, if I unite it to,the lab, it will take 12a& 
from it. But I cannot lake the whole of 12ah from lab. 
The 12tth is oomposed of lah and 5ab — 1 can take lab 
from the lab and there will remain 5a6 yet to be subtracted 
— to sAoh; that it is to be subtracted, write the minus sign 
before it. Now as these are all the cases that can occufj 
we have the rule : 
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88 acBTRACTION- 

Whon the quantities are dissimilar, write (hem after 
iach other with their original signs. 

When the quantities are similar and their signs alike — 
odd Iheir coeficients, annex the literal part, and prefix the 
sign of tlie quantities themselves. 

When (he quantities are similar and the signs unlike, 
take the less coeficient from the greater, lo the remainder 
annex the liternl part, and prefix the sign of the greater 
caeficient. 



4fr-^3c Let ih represent the sum of all the 

addilive terms in the snhtrahend, and 3c 

5a — 4J+3c the sum of all the subtraciive terms. Then 
from 5o I wish to take 46 minus 3c. Not the whole of 
4S, but ib diminished by the number of units in 3c. 

First I toillloke from 5a the whole of 46, which gives 
5a — 4S. Now as the subtrahend has been too large by 
3c, the remainder is too small by So — hence, to make it 
what il should be, I must add" Sc — which gives 5n — 4i4-3c. 
I notice that the plus sign of the subtrahend has been 
changed to minus, and the minus sign has been changed to 
plus, and then it has been added to the minuend. Hence, 
for subtraction : 

Change all thesigns in the subtrahend, and then pro- 
ceed as in Addition. 



MULTIPLICATION. 

7a'6^c* 1 wish to multiply one monomial by 
5a'6=i:' another — for instance, To'i^c'by Sa^S^cs. 

Multiplication consists in uniting with 

•iba'^b^c' the multiplicand such factors as occur in the 
ratihiplier. If with the factor 7 I combine the number 5 
as a factor, I shall have for the product 35. As a occurs 
four times as a factor in the multiplicand, and three times 
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in tba multiplier, if I unite them nsfaclors, ii will occur 
seven times in the product. As 5 occurs three times as a 
factor in the multiplicand and three times in the multiplier, 
if I unite them as factors, it will occur six times in the 
product- As c occurs four times ns a factor in the multi- 
plicand and five times in the multiplier, if I unite them as 
factoi's it will occur nine times as a factor in the product. 
Now each letter will occur as many times as a factoi" in 
the product, as il does in both muldplicand and Kiultiplier 
taken together. But as the exponents ahow the number of 
times each letter occurs as a factor — to find the exponent 
of any literal factor in the product, add the exponents of 
that letter in multiplier and multiplicand. Hence, to mul- 
tiply one monomial by another : 

Multiply the coefficients together for a new coefficient, 
write after that all the literal factors, affecting each witli 
an esponentequal to thesum ol the exponents in both the 
factors, 

THE SIGNS IN MULTIPLICATION. 



+5J 



+I5ab I -.38,-26, — S_, 0, -f- h,+2b,+3b, 
I wish to find what sign to give the product in multipii- 

Plus 5i multiplied by plus 3a will evidently give a posi- 
tive product. (15fli.) 

— I multiplied by 3 will evidently give three times as 
much minus, or ~3i. 

— h multiplied by 2 will evidently give three limes as 
much minus, oi — 2J- 

— b taken once will evidently give — h. 

— h multiplied by naught will give naught. 

Now nhtie the multiplicands have each been of thesama 
lalue, and the multipliers have bee« diminishing by acom- 
difference of 1, the products have been increEslng by a 
common difference of h 
8* 
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And as the multiplicands that yet follow, liave the saras 
valua, and the mullipliera continue to diminish by a com^ 
nion difference of 1, 1 conclude thai the products mua: 
xonlinue to increase by a common difference of b — but if 
they do, the next one will be plus b, the next plus 26, the 
next pliia Zb, &c. Hence minus b multiplied by minus S 
must give plus 35. 

Therefore we conclude that when the signs of the factors 
are alike, the product will be plus, and when the signs of 
the factors are unlike, the sign of the product wiilbeminiw. 



MUTIPLICATION OF POLYNOMIALS. 



ac — be — adxbd ah — hd 

I wish to multiply one polynomial by another. 

Let a. represent the sum of nil the additive terms in the 
multiplicand, and b the sum of the subtractive terms. Let 
r, represent the sum of all the additive terms in the multi- 
plier, and d the sum of all the subtractive terms. Then I 
wish to muUiplya — h by c—d — not by the whole of c, but 
by c diminished by the number of units in d. 

First, I will multiply by the whole of c. c times a gives 
ac — but before I multiply by c the a should he diminished 
\iy b — honce, in multiplying the lohole of a, I have multi- 
plied a b which I should not have multiplied, and hence 
the product is too'large by a times 6. Hence, I must sub- 
tract c times b or oft from it, which gives ac^—Bc. There- 
fore c times a — b is ac — he. 

But nowl have multiplied by a quantity too large by 
the units in d, hence this product (ac — be) is too large by 
d times a — S — therefore I must obtain d times a — b, and 
subtract from this product, d 'times a — B gives ad — bd, 
which being subtracted from ac — dc gives ac — be — adxbd. 
I notice that each term in the multiplicand has been multi- 
plied by each term of the multiplier, hence the rule ; 
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DIVISION OF MONOMIALS. 0[ 

Sluitipiy each term in the multiplicand by each term in 
tlie multiplier, — affecting each partial product with the plus 
sign when the signa of the factors are alike, and with tha 
minus sign when the signs ofthe factors are unlilie. 



DIVISION OF MONOMIALS, 

7a'u")3ria'J»c I wish to divide SSo" J' c by "a'fi". 

Division consists in havinglwo terms 

5o> b^c given to find a third term, which being 
multiplied by the first will produce the second. The first 
is called the divisor, the second the dividend, and the third 
the quotient. Hence, the dividend may always be consid- 
ered aa a froduct ef the other two lerma. 

From multiplication of monomials, we know that the co- 
efficient ofthe dividend is made up by multiplung the coeffi- 
cient of the divisor by the coefficient of the quotient — 
hence, if^I divide, the coefficient of the dividend by the 
coefficient of iho divisor, I shall obtain the coefficient of the 
quotient. 

The ejiponont of any letter, as a in the dividend, is made 
up by adding the exponent of that letter in the divisor, ti) 
the e.^ponent of the same letter in the quotient — hence, if [ 
subtract the exponent of « in the divisor from the exponent 
of the same letter iiO the dividend, I shall have the exponent 
of that letter in Ibe quotient. And in the same manner 
with b, — if I subtrncl the exponent of b in the divisor fi-om 
the exponent of b in the dividend, I shall have the exponent 
for b in the quotients The c must occur in the quotient, 
for if it does not, to multiply the divisoi- and quotient 
together will not give the dividend. Hence, the rule for 
the division of monomials ; 

Divide the coeflicient of the dividend by the coefficient of 
the divisor for a new coefficient — write after that all the 
literal factors ofthe dividend, affecting each with an expo- 
nent equal to the excess of its exponent in the dividend 
over that in the divisor. 
RcHAitK. — Division of monomiala cannot be performed, 
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93 DIVISION OP POLYNOMIALS. 

when the divisor contains a faclor which is not found in tiie 
dividend — and when a faclor in llie divipor has a larger 
exponent than the exponent of the same Jciler in the divi- 
dend— and when the coelHcient of the dividend will noi; 
contain tlie coelTicieht of the divisor. 



J J 
++ 



DITISION OF POLWOMIALS, 

In the product arising from the 
mnltipHoation of ona polynomial 
by another, there will always be 
soma irreducible terms — and ona 
of thosQ terms will be the one 
formod by multiplying tbat term in 
tho multiplicand, containing the 
largest exponent of a letter, by tho 
term ill the multiplier containing 
the largest exponent of the same 
letter. For, we shall thus obtain a 
term which will contain a greater 
exponent of that letter, than the ex- 
ponent of that letter in any other 
term of the product; hence, it will 
not be like any other term, and 
„ .. -. , hence it will be irreducible. 
': ±1 « i" ! This ia equally true for all pro- 
"~ "^ ctsof polynomials. Hence, if 

I examine any product and select 
] the term which contains the largest 
xponent of a letter In that pro- 
duct, we know that such term is 
made up by multiplying the term 
in one of the factors containing the 
lai'gest exponent of that letter by 
the term in the other faclor con- 
taining the largest exponent of the 
same letter. 
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All dividends are products : hence, if i (race along this 
:fividend and find the term containing the largest exponent 
of some Islter, (as a,) 1 know that it is made up by multi- 
plying the term in tfie divisor containing the largest espo- 
nent of a, by the term containing the largest exponent of 
a in the quotient. Hence, if I divide that term in the div- 
idend containing the laigest exponent of a, by the term in 
the divisor containing the largest exponent of a, I shalt 
obtain a term for ths quotient containing a larger exponent 
of that letter than any other term in Ih-e quotient. Divi- 
ding 10a' by — 5 a ^' gives — 2a' for a term in the quo- 
tient. Now, as the dividend is made up by muitiplying 
the divisor by ihe quotient, if I multiply the divisor by the 
pari of the quotient found, I shall obtain a part of the div- 
idend ; antJ subtracting that product from the whole divi- 
deud, I obtain that part of the dividend which is made up 
by multiplying the divisor by that part of the quotient not 
yet found ; hence, this remainder is a product. 

But from what was first shown, that term in if which 
contains the largest exponent of a, is made up by multi- 
plying iha term containing the largest expoiiew of a in ihff 
divisor, by thai term containing the- largest exponent of a 
in the part of the quotient not yet found. Hence, if I 
divide that terra by the term in the divisor containing the 
largest exponent of a, I shall obtain that term containing 
the highest-e.'iponent of a in the part of the quotient not 
yet found. 

Dividing — 40a=6 by — 5fl' gives 8a&. Multiplying the- 
divisor by the Bah, and subtracting, we have no remainder. 
Hence, — 2a^-|-8ai is the entire quotient. 

It has been necessary to compare the terms in the divi- 
sor containing the largest exponent of some letter with the 
term in the dividend containing the largest exponent of the 
same letter ; and then the same term in tbe divisor with 
the terra in the dividend containing the nex.t smaller es- 
ponent, &c. Hence the rule for division of polynomials: 

Arrange both divisor and dividend in reference to some 
letter, placing the term in each containing the largest ex- 
ponent of some letter, at the left, the term containing the 
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liBxl smaller exponenl nesl, &c.: thus the exponenla of 
that letter will diminish from the left to ihe right : then 
divide the left hand term of the dividend by the left hand 
term of the divisor, for the left hand term of the quotient: 
multiply the divisor by that term of the quotient and sub- 
tract the product from the dividend : if thete is a I'emain- 
der, treat it as a new dividend, with which proceed as 
before . 

Note. — When you subtract, be careful to keep the 
higliiit |>ower of ths same letter at the left., that you had 
Ell the left at first. 
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Pram CotaHock's Fhonftic Magattne. 

itFONIKCURL OVMICIGAN. 

[TJiia Faem is fbunclod ta tha JaUfmina ^at, oonanaaitatu^ 
in a IcUdf ftom. th« Hni. Ira Mayliavr af IpUohigaa, lo Dr. A. 

"1 UDk iro Iho TEEtISE ON PHONOLOGV, and I nU 
unablfl to Bir It down nnUl I had gomplstsi i's penKBl i 
placed it m the hbn^ t>f my chtldrep, wid judge what was mj 
BDtpnsfl to bear a daughter, aoiyat aii raars old, read the fim 
chapter of G«kesiH flaanl^, in lesa Ijian one hoar flora Th« 
linieslie Jlrel saw a Phonetic character!"] 

&. ialur hsm prijd kigz nud ciin, 

Adornz be lek-gnrt Stet. 
9r sumuri bj,i had ra'ur hm Gon, 

Ci: top. 6e Fonjon'z get. 
Yis; (opt 68 TEinpl ov ipr tag, 

Jn wuB cort qr mdid, 
and larnd &e klun qiS ie yug, 

Bi Fonik slixl, me ixd ! 
Asn Bland r^bukt bi Cildhud'i fcia, 

Yi msn hH Etiir h:xd ; 
And let an infant's progtee com 

Yin livz ov pollrj. dxd ! 
Se not, az v^ li^^ ^^d ts mi, 

4at ' ' God haa kurst (f r spiff, 
and Bebiilizd it htoplBBlil" 

Nil rotor iia folshud ixfi. 
Se not, "Fmnalika ar abslMs,— 

Abuv Se pxpl'z mind !" — 
A htl gurl haz lurnd bs yuB 

Ov lElun trii^ dxsind ; 
A hil gurl haz lurnd ts nd 

Ri SL9tEm iixt and plen — 
Cud not 6is siBtem suparEid 

Atoz ov ioi) yiiz ov pen ? 

Akuz not HEvn'z Gospel bril, 

Ov Qlturu) tpr £pi£ ! 
For tnoisens ix Gospel-lit ; 

Ita akciinz vnrfii tx6 ! 
Cal not bia Alfabct bx (and 

Bi Frxdum'z Stets Rni^nd ! 
Ae GobpeI, in It, tiumpit-itond, 

Gin nm iHuurun agtiJ.'j 
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h i'\i U'C' liino of recilriiioij, Jl i.^; cIcsi^jMed ilnil ihe ■ 
'( c-xam|!e g'wen ai ihe comnicnCDnient of the e;;planQ 
\ tioiij should be copied upon the block-boarcl, and ll it , 
. tile sludenl should be requifed lo refer lo it with ilie 
* pointing 's'"cit, Let the exnlanation be committed to 
% memory vEiiBiTiH, — as tiie closer the student follows 
-V it, the bf^ttcr will be hia surcess, and the more a';cu 
I vp'.s and eifecluui ^labils of thought will he ha^f 
;: acquired, 

Is the example for proportion wai- omitted at s 
j proper plate, wo will insert it here. 



2y .T=9x6 
2X3T-JX'' 



■1 - 



It uill be not ccd tl nt thepicnob i i^ i d n mo t 
loaves n ibe e-cphiial jus This ha, Lcdi lom tj 
be i, as it place., the 'Student m the ph(c ti ^i u ju 
icL (! mvcstyuloi anci seprpseuls him i jkoiiig 
hi.,cvnwa\ thiou^h the di Lnes o'' i^norai ct- Tnd 
if possible into the light of s mple liuth 

Viie trust that the woik will in, heaii l> welct 
bvth.iiiost of teHcliers who haif ho urgrntly re , 
qu^atef na }ublir t ji—and II a hnpi. ihit it <i 
tuund sru L in pine ucsi^itd it has gi en ; 

lo the pf I (nil thii jt has b ougl i ].r>n 
THE AUTHOR 
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